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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide an 
inspection apparatus capable of accurately 
measuring an aberration based on sufficient 
measurement light quantity without using a 
very small pin hole for generating a spherical 
wave. 

SOLUTION: The inspection apparatus is for 
measuring wavefront aberration of an optical 
system to be inspected (PL). Illumination units 
(1 to 9, 16) for illuminating opening (TM) 
positioned on an object surface of the optical 
system to be inspected (PL) with the number of 
openings over the opening number on the 
object side of the optical system to be inspected 
(PL), wavefront separating elements (14) for 
separating light from a primary image of the 
opening formed on the image surface of the 
optical system to be inspected with the 
wavefront and forming a multitude of the 
secondary images of the openings and a 
photoelectric detector (15) for photoelectrically detecting a multitude of the secondary 
images formed with the wavefront separating elements are provided. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lighting unit for illuminating opening positioned in the body side of said test optical system 
with the numerical aperture more than the body side numerical aperture of said test optical system in the test 
equipment for measuring the wave aberration of a test optical system, The wavefront-splitting component 
for carrying out wavefront splitting of the light from the primary image of said opening formed in the image 
surface of said test optical system, and forming many secondary images of said opening, Test equipment 
characterized by having the photoelectrical detecting element for carrying out photoelectrical detection of 
the secondary image of said large number formed of said wavefront-splitting component. 
[Claim 2] Said lighting unit is test equipment according to claim 1 characterized by having a numerical- 
aperture amplification means for expanding the numerical aperture of the flux of light from the illumination 
system and this illumination system for supplying the illumination light to said opening. 
[Claim 3] Said numerical-aperture amplification means is test equipment according to claim 2 characterized 
by having the diffused-light faculty material for being arranged free [ insertion and detachment ] and 
diffusing the flux of light in the optical path between said illumination systems and body sides of said test 
optical system. 

[Claim 4] Said numerical-aperture amplification means is test equipment according to claim 3 characterized 
by having a brightness property equalization means for equalizing the brightness property of the 
illumination-light bundle which gets worse by said diffused-light faculty material. 

[Claim 5] It is the aligner characterized by for said illumination system in said test equipment being able to 
illuminate said mask, and measuring wave aberration with said test equipment in the aligner equipped with 
the projection optical system for forming the pattern image of the illuminated mask on a photosensitive 
substrate by equipping claim 2 thru/or any 1 term of 4 with the test equipment of a publication, and using 
said projection optical system as said test optical system. 

[Claim 6] Test equipment characterized by having the container reference plate attached in the aberration 
system of measurement and said aberration system of measurement for measuring the wave aberration of a 
test optical system in one, and the location detection system for detecting the location of said container 
reference plate. 

[Claim 7] Said location detection system is test equipment according to claim 6 characterized by having the 
1 st detection system for detecting the location of said aberration system of measurement along a field 
vertical to the optical axis of said test optical system, and the 2nd detection system for detecting the location 
of said aberration system of measurement which met in the direction of an optical axis of said test optical 
system. 

[Claim 8] Said container reference plate has a base plane vertical to the optical axis of said aberration 
system of measurement, and an alignment mark and a reflector are formed on this base plane. Said 1st 
detection system The location of said aberration system of measurement which met said base plane based on 
said alignment mark is detected. Said 2nd detection system Test equipment according to claim 7 
characterized by detecting the location of said aberration system of measurement which met in the direction 
of a normal of said base plane based on the flux of light which was made to carry out incidence of the flux 
of light from across to said reflector, and was reflected in said reflector. 

[Claim 9] Said container reference plate is test equipment according to claim 6 characterized by having a 
base plane vertical to the optical axis of said aberration system of measurement, and forming either an 
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alignment mark or the reflectors on this base plane. 

[Claim 10] It has further a lighting unit for illuminating opening positioned in the body side of said test 
optical system with the numerical aperture more than the body side numerical aperture of said test optical 
system. Said aberration system of measurement The wavefront-splitting component for carrying out 
wavefront splitting of the light from the primary image of said opening formed in the image surface of said 
test optical system, and forming many secondary images of said opening, Test equipment given in claim 6 
characterized by having a photoelectrical detecting element for carrying out photoelectrical detection of the 
secondary image of said large number formed of this wavefront-splitting component thru/or any 1 term of 9. 

[Claim 1 1 ] Said container reference plate has a base plane vertical to the optical axis of said aberration 
system of measurement. Said aberration system of measurement The wavefront-splitting component for 
carrying out wavefront splitting of the light from the primary image of opening formed in the image surface 
of said test optical system, and forming many secondary images of said opening, It has a photoelectrical 
detecting element for carrying out photoelectrical detection of the secondary image of said large number 
formed of this wavefront-splitting component. Said base plane is arranged in the detection side of said 
photoelectrical detecting element, and a location [****/ optical almost ]. Test equipment given in claim 6 
characterized by forming opening for proofreading for measuring the error of said aberration system of 
measurement on said base plane, and proofreading said aberration system of measurement thru/or any 1 
term of 10. 

[Claim 12] Said opening for proofreading is test equipment according to claim 1 1 characterized by being 
substantially set up greatly rather than the primary image of said opening formed on said base plane. 
[Claim 13] The aligner characterized by equipping claim 6 thru/or any 1 term of 12 with the test equipment 
of a publication, and measuring wave aberration with said test equipment in the aligner equipped with the 
projection optical system for forming the pattern image of the illuminated mask on a photosensitive 
substrate by using said projection optical system as said test optical system. 
[Claim 14] It is the aligner which is equipped with the test equipment according to claim 7 or 8 for 
measuring wave aberration in the aligner equipped with the projection optical system for forming the pattern 
image of the illuminated mask on a photosensitive substrate by using said projection optical system as said 
test optical system, and is characterized by said 2nd detection system detecting the location of said 
photosensitive substrate which met in the direction of an optical axis of said projection optical system. 
[Claim 15] It is the aligner which equips claim 10 for measuring wave aberration in the aligner equipped 
with the projection optical system for forming the pattern image of the illuminated mask on a photosensitive 
substrate by using said projection optical system as said test optical system thru/or any 1 term of 12 with the 
test equipment of a publication, and is characterized by the ability of said lighting unit in said test equipment 
to illuminate said mask. 

[Claim 16] Test equipment characterized by amending the output of said aberration system of measurement 
about said test optical system based on the error information which was equipped with the error 
measurement means for measuring the error of said aberration system of measurement in the test equipment 
for measuring the wave aberration of a test optical system using aberration system of measurement, and was 
measured with said error measurement means. 

[Claim 17] The wavefront-splitting component for said aberration system of measurement carrying out 
wavefront splitting of the light from a predetermined side, and forming many images of said predetermined 
side, It has a photoelectrical detecting element for carrying out photoelectrical detection of the image of said 
large number formed of this wavefront-splitting component. Said error measurement means Have opening 
for proofreading formed near said predetermined side, and said opening for proofreading is illuminated by 
the light through said test optical system. Test equipment according to claim 16 characterized by measuring 
the error of said aberration system of measurement based on many images of said opening for proofreading 
formed of said wavefront-splitting component. 

[Claim 1 8] Test equipment characterized by having a unit for memorizing the error of said aberration 
system of measurement in the test equipment for measuring the wave aberration of a test optical system 
using aberration system of measurement, and amending the output of said aberration system of 
measurement about said test optical system based on the error information from said unit. 
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[Claim 19] The aligner characterized by equipping claim 16 thru/or any 1 term of 18 with the test equipment 
of a publication, and measuring wave aberration with said test equipment in the aligner equipped with the 
illumination system for illuminating a mask, and the projection optical system for forming the pattern image 
of said mask on a photosensitive substrate by using said projection optical system as said test optical 
system. 

[Claim 20] claim 5 characterized by adjusting the optical property of said projection optical system based on 
the measurement result by said test equipment, and 13- an aligner given in any 1 term of 15 and 19. 
[Claim 21] The manufacture approach of the micro device characterized by including the exposure process 
which exposes the pattern of said mask on said photosensitive substrate using the aligner of a publication in 
claims 5, 13-15 and any 1 term of 19 and 20, and the development process which develops said 
photosensitive substrate exposed by this exposure process. 

[Claim 22] The inspection approach characterized by to include the error measurement process which 
measures the error of said aberration system of measurement, the aberration measurement process which 
measure the wave aberration of said test optical system using said aberration system of measurement, and 
the amendment process which amend the aberration measured value of said test optical system obtained at 
said aberration measurement process based on the error information measured at said error measurement 
process in the inspection approach which measures the wave aberration of a test optical system using 
aberration system of measurement. 

[Claim 23] The inspection approach according to claim 22 characterized by predicting change of the error 
which measures the error of said aberration system of measurement in a predetermined environment, and 
originates in fluctuation of said environment at said error measurement process based on this measurement 
error. 

[Claim 24] The auxiliary process which said aberration measurement process carries out wavefront splitting 
of the light from a predetermined side, and forms many images of said predetermined side, The auxiliary 
process which carries out photoelectrical detection of the image of said large number formed of wavefront 
splitting is included. Said error measurement process The auxiliary process which positions and illuminates 
opening to said predetermined side, and the auxiliary process which carries out wavefront splitting of the 
light from said opening, and forms many images, The inspection approach according to claim 22 or 23 
characterized by including the auxiliary process which measures the error of said aberration system of 
measurement based on the image of said large number formed of wavefront splitting. 
[Claim 25] The auxiliary process which said aberration measurement process carries out wavefront splitting 
of the light from a predetermined side, and forms many images of said predetermined side, The auxiliary 
process which carries out photoelectrical detection of the image of said large number formed of wavefront 
splitting is included. Said error measurement process The auxiliary process which generates a spherical 
wave by positioning and illuminating a pinhole to said predetermined side or its near, The inspection 
approach according to claim 22 or 23 characterized by including the auxiliary process which carries out 
wavefront splitting of this spherical wave, and forms many images, and the auxiliary process which 
measures the error of said aberration system of measurement based on the image of said large number 
formed of wavefront splitting. 

[Claim 26] The auxiliary process which said aberration measurement process carries out wavefront splitting 
of the light from a predetermined side, and forms many images of said predetermined side, The auxiliary 
process which carries out photoelectrical detection of the image of said large number formed of wavefront 
splitting is included. Said error measurement process The auxiliary process which illuminates opening for 
proofreading positioned near [ said ] the predetermined side, The inspection approach according to claim 22 
or 23 characterized by including the auxiliary process which carries out wavefront splitting of the light from 
this opening for proofreading, and forms many images, and the auxiliary process which measures the error 
of said aberration system of measurement based on the image of said large number formed of wavefront 
splitting. 

[Claim 27] The exposure approach characterized by to include the adjustment process which adjusts said 
projection optical system based on the wave aberration of said projection optical system which measured in 
the exposure approach which carries out projection exposure of the pattern image of a mask on a 
photosensitive substrate through a projection optical system by the inspection approach given [ the wave 
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aberration of said projection optical system ] in claim 22 thru/or any 1 term of 26, by having used said 
projection optical system as said test optical system, and was amended by said amendment process. 
[Claim 28] The exposure approach according to claim 27 which measures the error in either [ at least ] a 
predetermined atmospheric pressure or the predetermined wavelength, and is characterized by predicting 
change of the error which originates in one [ at least ] fluctuation of an atmospheric pressure and the 
wavelength based on the measured error at said error measurement process. 

[Claim 29] The exposure approach according to claim 27 or 28 characterized by predicting change of the 
error which originates in fluctuation of temperature based on two or more errors which measured and 
measured the error in two or more temperature conditions at said error measurement process. 
[Claim 30] The manufacture approach of the micro device characterized by including the exposure process 
which exposes the pattern of said mask on said photosensitive substrate using the exposure approach of a 
publication in claim 27 thru/or any 1 term of 29, and the development process which develops said 
photosensitive substrate exposed by this exposure process. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of test equipment, the aligner 
equipped with this test equipment, and a micro device. Especially this invention relates to measurement of 
the wave aberration of the projection optical system carried in the aligner for manufacturing micro devices, 
such as a semiconductor device, an image sensor, a liquid crystal display component, or the thin film 
magnetic head, at a lithography process. 
[0002] 

[Description of the Prior Art] In case a semiconductor device etc. is manufactured at a photolithography 
process, the aligner which carries out projection exposure of the pattern image of a mask at photosensitive 
substrates (a wafer, a glass substrate, plate, etc.) is used. In this kind of aligner, in order to project a mask 
pattern image on a photosensitive substrate faithfully with high resolution, the projection optical system 
which has the good optical-character ability by which many aberration was fully controlled is designed. 
[0003] However, unlike the optical-character ability on a design, in the projection optical system of the 
aligner manufactured actually, many aberration resulting from various factors remains. Then, the various 
equipments for measuring conventionally the aberration which remains in a test optical system like a 
projection optical system carried in the aligner are proposed. For example, the aberration measuring device 
which measures the wave aberration of a test optical system based on the spherical wave which the 
international disclosure WO 99/No. 60361 official report was made to generate using the minimum pinhole 
is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the conventional aberration measuring device 
indicated by the above-mentioned official report, there was inconvenience that errors, such as wave 
aberration which equipment itself generates, influenced the aberration measurement result of a test optical 
system (added). Moreover, in the conventional aberration measuring device, there was inconvenience that 
first stage-positioning and position control of equipment were difficult. Furthermore, in the conventional 
aberration measuring device, since the pinhole of a pole minor diameter was used in order to generate a 
spherical wave, there was inconvenience that the amounts of measuring beams ran short remarkably. 
[0005] This invention is made in view of the above-mentioned technical problem, and aims at offering the 
aligner equipped with the high test equipment and this test equipment of the accuracy of measurement with 
which errors, such as wave aberration which equipment itself generates, do not influence the aberration 
measurement result of a test optical system substantially. 

[0006] Moreover, this invention aims at offering the aligner equipped with the test equipment and this test 
equipment which can carry out promptly first stage-positioning and position control of aberration system of 
measurement to high degree of accuracy, as a result can perform quick and exact aberration measurement. 
[0007] Furthermore, this invention aims at offering the aligner equipped with the test equipment and this 
test equipment which can perform highly precise aberration measurement based on sufficient amount of 
measuring beams, without using the minimum pinhole for generating a spherical wave. 
[0008] Moreover, this invention aims at offering the manufacture approach of a micro device that a good 
micro device can be manufactured by high resolving power, using the projection optical system adjusted 
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good based on highly precise aberration measurement. 
[0009] 

[Means for Solving the Problem] In order to solve said technical problem, in the 1 st invention of this 
invention The lighting unit for illuminating opening positioned in the body side of said test optical system 
with the numerical aperture more than the body side numerical aperture of said test optical system in the test 
equipment for measuring the wave aberration of a test optical system, The wavefront-splitting component 
for carrying out wavefront splitting of the light from the primary image of said opening formed in the image 
surface of said test optical system, and forming many secondary images of said opening, The test equipment 
characterized by having the photoelectrical detecting element for carrying out photoelectrical detection of 
the secondary image of said large number formed of said wavefront-splitting component is offered. 
[0010] If the 1st invention is caused like the 1st voice, as for said lighting unit, it is desirable to have a 
numerical-aperture amplification means for expanding the numerical aperture of the flux of light from the 
illumination system and this illumination system for supplying the illumination light to said opening. 
Moreover, if the 1st invention is caused like the 2nd voice, as for said numerical-aperture amplification 
means, it is desirable to have the diffused-light faculty material for being arranged free [ insertion and 
detachment ] and diffusing the flux of light in the optical path between said illumination systems and body 
sides of said test optical system. Furthermore, if the 1 st invention is caused like the 3rd voice, as for said 
numerical-aperture amplification means, it is desirable to have a brightness property equalization means for 
equalizing the brightness property of the illumination-light bundle which gets worse by said diffused-light 
faculty material. 

[001 1] Moreover, if the 1st invention is caused like the 4th voice, as for said brightness property 
equalization means, it is desirable to have a neutral density filter for being arranged free [ insertion and 
detachment ] and forming the flux of light of optical predetermined intensity distribution all over the 
illumination-light way of said illumination system. Furthermore, if the 1st invention is caused like the 5th 
voice, as for said brightness property equalization means, it is desirable to have the surface light source 
means forming for forming the zona-orbicularis-like surface light source into the optical path of said 
illumination system in the pupil of said projection optical system and a location [ **** / optical almost ]. 
Moreover, if the 1st invention is caused like the 6th voice, as for said wavefront-splitting component, it is 
desirable to have the microlens of a large number arranged two-dimensional. 
[0012] the aligner equipped with the projection optical system for forming the pattern image of the 
illuminated mask on a photosensitive substrate in the 2nd invention of this invention — setting — 2nd mode 
[ of the 1st invention ] - it has test equipment [ like ] the 6th voice, and said illumination system in said test 
equipment can illuminate said mask, and the aligner characterized by measuring wave aberration with said 
test equipment by using said projection optical system as said test optical system is offered. 
[0013] In the 3rd invention of this invention, the test equipment characterized by having the container 
reference plate attached in the aberration system of measurement and said aberration system of 
measurement for measuring the wave aberration of a test optical system in one and the location detection 
system for detecting the location of said container reference plate is offered. 

[0014] If the 3rd invention is caused like the 1st voice, as for said location detection system, it is desirable 
to have the 1 st detection system for detecting the location of said aberration system of measurement along a 
field vertical to the optical axis of said test optical system and the 2nd detection system for detecting the 
location of said aberration system of measurement which met in the direction of an optical axis of said test 
optical system. If the 3rd invention is caused like the 2nd voice, moreover, said container reference plate It 
has a base plane vertical to the optical axis of said aberration system of measurement, and an alignment 
mark and a reflector are formed on this base plane. Said 1st detection system The location of said aberration 
system of measurement which met said base plane based on said alignment mark is detected. Said 2nd 
detection system It is desirable to detect the location of said aberration system of measurement which met in 
the direction of a normal of said base plane based on the flux of light which was made to carry out incidence 
of the flux of light from across to said reflector, and was reflected in said reflector. 

[0015] Furthermore, if the 3rd invention is caused like the 3rd voice, as for said container reference plate, it 
is desirable that have a base plane vertical to the optical axis of said aberration system of measurement, and 
either an alignment mark or the reflectors are formed on this base plane. Moreover, it has further a lighting 
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unit for illuminating opening positioned in the body side of said test optical system with the numerical 
aperture more than the body side numerical aperture of said test optical system, if the 3rd invention is 
caused like the 4th voice. The wavefront-splitting component for said aberration system of measurement 
carrying out wavefront splitting of the light from the primary image of said opening formed in the image 
surface of said test optical system, and forming many secondary images of said opening, It is desirable to 
have a photoelectrical detecting element for carrying out photoelectrical detection of the secondary image of 
said large number formed of this wavefront-splitting component. 

[0016] If the 3rd invention is caused like the 5th voice, furthermore, said container reference plate It has a 
base plane vertical to the optical axis of said aberration system of measurement. Said aberration system of 
measurement The wavefront-splitting component for carrying out wavefront splitting of the light from the 
primary image of opening formed in the image surface of said test optical system, and forming many 
secondary images of said opening, It has a photoelectrical detecting element for carrying out photoelectrical 
detection of the secondary image of said large number formed of this wavefront-splitting component. As for 
said base plane, it is desirable that opening for proofreading for being arranged in the detection side of said 
photoelectrical detecting element and a location [ **** / optical almost ], measuring the error of said 
aberration system of measurement on said base plane, and proofreading said aberration system of 
measurement is formed. Moreover, if the 3rd invention is caused like the 6th voice, as for said opening for 
proofreading, it is more desirable than the primary image of said opening formed on said base plane to be 
set up greatly substantially. 

[0017] In the 4th invention of this invention, in the aligner equipped with the projection optical system for 
forming the pattern image of the illuminated mask on a photosensitive substrate, it has test equipment of the 
3rd invention and the aligner characterized by measuring wave aberration with said test equipment by using 
said projection optical system as said test optical system is offered. 

[0018] In the 5th invention of this invention, the aligner characterized by to detect the location of the 1st 
mode of the 4th invention for measuring wave aberration by using said projection optical system as said test 
optical system or said photosensitivity substrate to which it had test equipment [ like ] the 2nd voice, and 
said 2nd detection system met in the direction of an optical axis of said projection optical system offers in 
the aligner equipped with the projection optical system for forming the pattern image of the illuminated 
mask on a photosensitive substrate. 

[0019] 4th mode [ of the 3rd invention for measuring wave aberration in the aligner equipped with the 
projection optical system for forming the pattern image of the illuminated mask on a photosensitive 
substrate in the 6th invention of this invention by using said projection optical system as said test optical 
system ] - having test equipment [ like ] the 6th voice, said lighting unit in said test equipment offers the 
aligner characterized by it being possible to illuminate said mask. 

[0020] If the 4th invention and the 6th invention are caused like the 1st voice, as for said lighting unit, it is 
desirable to have a numerical-aperture amplification means for expanding the numerical aperture of the flux 
of light from the illumination system and this illumination system for supplying the illumination light to 
said opening. Moreover, if the 4th invention and the 6th invention are caused like the 2nd voice, as for said 
numerical-aperture amplification means, it is desirable to have the diffused-light faculty material for being 
arranged free [ insertion and detachment ] and diffusing the flux of light in the optical path between said 
illumination systems and body sides of said test optical system. Furthermore, if the 4th invention and the 6th 
invention are caused like the 3rd voice, as for said numerical-aperture amplification means, it is desirable to 
have a brightness property equalization means for equalizing the brightness property of the illumination- 
light bundle which gets worse by said diffused-light faculty material. 

[0021] Moreover, if the 4th invention and the 6th invention are caused like the 4th voice, as for said 
brightness property equalization means, it is desirable to have a neutral density filter for being arranged free 
[ insertion and detachment ] and forming the flux of light of optical predetermined intensity distribution all 
over the illumination-light way of said illumination system. Furthermore, if the 4th invention and the 6th 
invention are caused like the 5th voice, as for said brightness property equalization means, it is desirable to 
have the surface light source means forming for forming the zona-orbicularis-like surface light source into 
the optical path of said illumination system in the pupil of said projection optical system and a location 
[****/ optical almost ]. 

http ://www4. ipdl . inpit. go.jp/cgi -bin/tran_web_cgi_ejj e 5/2/2007 



JP,2002-071514,A [DETAILED DESCRIPTION] 



Page 4 of 19 



[0022] In the 7th invention of this invention, in the test equipment for measuring the wave aberration of a 
test optical system using aberration system of measurement, it has an error measurement means for 
measuring the error of said aberration system of measurement, and the test equipment characterized by 
amending the output of said aberration system of measurement about said test optical system is offered 
based on the error information measured with said error measurement means. 
[0023] If the 7th invention is caused like the 1st voice, said aberration system of measurement The 
wavefront-splitting component for carrying out wavefront splitting of the light from a predetermined side, 
and forming many images of said predetermined side, It has a photoelectrical detecting element for carrying 
out photoelectrical detection of the image of said large number formed of this wavefront-splitting 
component. Said error measurement means It is desirable to measure the error of said aberration system of 
measurement based on many images of said opening for proofreading which has opening for proofreading 
formed near said predetermined side, illuminated said opening for proofreading by the light through said 
test optical system, and was formed of said wavefront-splitting component. 

[0024] In the 8th invention of this invention, in the test equipment for measuring the wave aberration of a 
test optical system using aberration system of measurement, it has a unit for memorizing the error of said 
aberration system of measurement, and the test equipment characterized by amending the output of said 
aberration system of measurement about said test optical system is offered based on the error information 
from said unit. 

[0025] In the 9th invention of this invention, in the aligner equipped with the illumination system for 
illuminating a mask, and the projection optical system for forming the pattern image of said mask on a 
photosensitive substrate, it has test equipment of the 7th invention or the 8th invention, and the aligner 
characterized by measuring wave aberration with said test equipment by using said projection optical system 
as said test optical system is offered. 

[0026] In the 2nd invention, the 4th invention - the 6th invention, and the 9th invention, it is desirable to 
adjust the optical property of said projection optical system based on the measurement result by said test 
equipment. 

[0027] In the 10th invention of this invention, the manufacture approach of the micro device characterized 
by including the exposure process which exposes the pattern of said mask on said photosensitive substrate 
using the aligner of the 2nd invention, the 4th invention - the 6th invention, and the 9th invention, and the 
development process which develops said photosensitive substrate exposed by this exposure process is 
offered. 

[0028] In the inspection approach which measures the wave aberration of a test optical system in the 1 1th 
invention of this invention using aberration system of measurement The error measurement process which 
measures the error of said aberration system of measurement, and the aberration measurement process 
which measures the wave aberration of said test optical system using said aberration system of 
measurement, The inspection approach characterized by including the amendment process which amends 
the aberration measured value of said test optical system obtained at said aberration measurement process 
based on the error information measured at said error measurement process is offered. 
[0029] If the 1 1th invention is caused like the 1st voice, it is desirable to predict change of the error which 
measures the error of said aberration system of measurement in a predetermined environment, and 
originates in fluctuation of said environment at said error measurement process based on this measurement 
error. Moreover, if the 1 1th invention is caused like the 2nd voice, at said error measurement process, the 
error in a predetermined atmospheric pressure and predetermined wavelength is measured, and it is 
desirable to predict change of the error which originates in fluctuation of an atmospheric pressure and 
fluctuation of wavelength based on the measured error. Furthermore, if the 1 1th invention is caused like the 
3rd voice, it is desirable to predict change of the error which originates in fluctuation of temperature based 
on two or more errors which measured and measured the error in two or more temperature conditions at said 
error measurement process. 

[0030] If the 1 1th invention is caused like the 4th voice, moreover, said aberration measurement process 
The auxiliary process which carries out wavefront splitting of the light from a predetermined side, and 
forms many images of said predetermined side, and the auxiliary process which carries out photoelectrical 
detection of the image of said large number formed of wavefront splitting are included. Said error 
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measurement process It is desirable to include the auxiliary process which positions and illuminates opening 
to said predetermined side, the auxiliary process which carries out wavefront splitting of the light from said 
opening, and forms many images, and the auxiliary process which measures the error of said aberration 
system of measurement based on the image of said large number formed of wavefront splitting. 
[0031] If the 1 1th invention is caused like the 5th voice, furthermore, said aberration measurement process 
The auxiliary process which carries out wavefront splitting of the light from a predetermined side, and 
forms many images of said predetermined side, and the auxiliary process which carries out photoelectrical 
detection of the image of said large number formed of wavefront splitting are included. Said error 
measurement process The auxiliary process which generates a spherical wave by positioning and 
illuminating a pinhole to said predetermined side or its near, It is desirable to include the auxiliary process 
which carries out wavefront splitting of this spherical wave, and forms many images, and the auxiliary 
process which measures the error of said aberration system of measurement based on the image of said large 
number formed of wavefront splitting. 

[0032] If the 1 1th invention is caused like the 6th voice, moreover, said aberration measurement process 
The auxiliary process which carries out wavefront splitting of the light from a predetermined side, and 
forms many images of said predetermined side, and the auxiliary process which carries out photoelectrical 
detection of the image of said large number formed of wavefront splitting are included. Said error 
measurement process It is desirable to include the auxiliary process which illuminates opening for 
proofreading positioned near [ said ] the predetermined side, the auxiliary process which carries out 
wavefront splitting of the light from this opening for proofreading, and forms many images, and the 
auxiliary process which measures the error of said aberration system of measurement based on the image of 
said large number formed of wavefront splitting. 

[0033] In the 12th invention of this invention, the wave aberration of said projection optical system 
measures by the inspection approach of the 1 1th invention by using said projection optical system as said 
test optical system, and the exposure approach characterized by to include the adjustment process which 
adjusts said projection optical system based on the wave aberration of said projection optical system 
amended by said amendment process offers in the exposure approach which carries out projection exposure 
of the pattern image of a mask on a photosensitive substrate through a projection optical system. 
[0034] If the 12th invention is caused like the 1st voice, at said error measurement process, the error in 
either [ at least ] a predetermined atmospheric pressure or the predetermined wavelength is measured, and it 
is desirable to predict change of the error which originates in one [ at least ] fluctuation of an atmospheric 
pressure and the wavelength based on the measured error. Moreover, if the 12th invention is caused like the 
2nd voice, it is desirable to predict change of the error which originates in fluctuation of temperature based 
on two or more errors which measured and measured the error in two or more temperature conditions at said 
error measurement process. 

[0035] If the 12th invention is caused like the 3rd voice, furthermore, said aberration measurement process 
The auxiliary process which carries out wavefront splitting of the light from a predetermined side, and 
forms many images of said predetermined side, and the auxiliary process which carries out photoelectrical 
detection of the image of said large number formed of wavefront splitting are included. Said error 
measurement process It is desirable to include the auxiliary process which positions and illuminates opening 
to said predetermined side, the auxiliary process which carries out wavefront splitting of the light from said 
opening, and forms many images, and the auxiliary process which measures the error of said aberration 
system of measurement based on the image of said large number formed of wavefront splitting. 
[0036] If the 12th invention is caused like the 4th voice, moreover, said aberration measurement process 
The auxiliary process which carries out wavefront splitting of the light from a predetermined side, and 
forms many images of said predetermined side, and the auxiliary process which carries out photoelectrical 
detection of the image of said large number formed of wavefront splitting are included. Said error 
measurement process The auxiliary process which generates a spherical wave by positioning and 
illuminating a pinhole to said predetermined side or its near, It is desirable to include the auxiliary process 
which carries out wavefront splitting of this spherical wave, and forms many images, and the auxiliary 
process which measures the error of said aberration system of measurement based on the image of said large 
number formed of wavefront splitting. 
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[0037] If the 12th invention is caused like the 5th voice, furthermore, said aberration measurement process 
The auxiliary process which carries out wavefront splitting of the light from a predetermined side, and 
forms many images of said predetermined side, and the auxiliary process which carries out photoelectrical 
detection of the image of said large number formed of wavefront splitting are included. Said error 
measurement process It is desirable to include the auxiliary process which illuminates opening for 
proofreading positioned near [ said ] the predetermined side, the auxiliary process which carries out 
wavefront splitting of the light from this opening for proofreading, and forms many images, and the 
auxiliary process which measures the error of said aberration system of measurement based on the image of 
said large number formed of wavefront splitting. 

[0038] Moreover, if the 12th invention is caused like the 6th voice, it is desirable to expand the numerical 
aperture of the flux of light through said projection optical system at said error measurement process, and to 
illuminate said opening for proofreading with the numerical aperture more than the body side numerical 
aperture of said aberration system of measurement. 

[0039] In the 13th invention of this invention, the manufacture approach of the micro device characterized 
by including the exposure process which exposes the pattern of said mask on said photosensitive substrate 
using the exposure approach of the 12th invention, and the development process which develops said 
photosensitive substrate exposed by this exposure process is offered. 
[0040] 

[Embodiment of the Invention] In this invention, the method which illuminates opening positioned in the 
body side of a test optical system with the numerical aperture more than the body side numerical aperture of 
a test optical system (incoherent lighting), and carries out wavefront splitting of the light from the primary 
image of opening formed in the image surface of a test optical system, for example, forms many secondary 
images of opening on the light-receiving side of a photoelectrical detecting element like CCD is adopted. 
That is, since it is the method to which image formation of the opening of resolvable magnitude is carried 
out in CCD, it is not necessary to form this opening as the minimum pinhole like before, and to generate a 
spherical wave in this invention. 

[0041] That is, although it is necessary with the conventional technique to form the minimum pinhole where 
roundness is high in order to generate an exact spherical wave, in this invention, the configuration of 
opening is not limited to a circle configuration and the formation precision is not so strict, either. 
Consequently, it becomes possible to offer a remarkable big illuminance as compared with the case of the 
conventional technique using the minimum pinhole to CCD which is an image sensor. If it puts in another 
way, in this invention, highly precise aberration measurement can be performed based on sufficient amount 
of measuring beams, without using the minimum pinhole for generating a spherical wave. 
[0042] Moreover, in this invention, it has the container reference plate attached in the aberration system of 
measurement for measuring the wave aberration of a test optical system in one, and the location detection 
system for detecting the location of this container reference plate. For example, the alignment mark and the 
reflector are formed in this container reference plate. When following, for example, applying this invention 
to an aligner, if the location of the container reference plate along a field vertical to the optical axis of a 
projection optical system is pulled based on an alignment mark using the FIA system (it mentions later for 
details) carried in the aligner, the location along XY flat surface of aberration system of measurement can be 
detected. 

[0043] Moreover, if the field location of the container reference plate which met in the direction of an 
optical axis of a projection optical system is pulled based on the flux of light which was made to carry out 
incidence of the flux of light from across to a reflector, and was reflected in the reflector using the 2- 
dimensional AF system (it mentions later for details) of the oblique incidence type carried in the aligner, the 
Z direction location of aberration system of measurement, the inclination of the circumference of the X-axis, 
and the inclination of the circumference of a Y-axis are detectable. In this way, highly precise alignment 
(alignment) and position control can be promptly performed to same extent as the wafer in an aligner. That 
is, in this invention, first stage-positioning and position control of aberration system of measurement can be 
promptly carried out to high degree of accuracy, as a result quick and exact aberration measurement can be 
performed. In addition, although the FIA system carried in the aligner is used with this operation gestalt 
mentioned later in order to detect the location along XY flat surface of aberration system of measurement, 
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as this location detection system, it is not restricted to a FIA system. For example, the LIA system currently 
indicated by the U.S. Pat. No. 4,710,026 official report, the U.S. Pat. No. 5,151,750 official report, and the 
U.S. Pat. No. 5,859,707 official report, the LSA system currently indicated by the U.S. Pat. No. 4,677,301 
official report and the U.S. Pat. No. 5,151,750 official report, or a length measurement interferometer can be 
used. It is desirable in considering as the configuration which attaches the reflecting mirror for making the 
configuration which attaches the reflecting mirror for making the configuration and the container reference 
plate which establishes the reflector for reflecting the length-measurement beam from a length-measurement 
interferometer in the end face of a container reference plate reflect the length-measurement beam from a 
length-measurement interferometer, or the case with which the container reference plate is attached reflect 
the length-measurement beam from a length-measurement interferometer here when detecting the location 
of XY flat surface of a container reference plate using a length-measurement interferometer. Moreover, 
although the 2-dimensional AF system carried in the aligner is used with this operation gestalt mentioned 
later in order to detect the location of the Z direction of aberration system of measurement, the inclination of 
the circumference of the X-axis, and the inclination of the circumference of a Y-axis, as this location 
detection system, it is not restricted to a 2-dimensional AF system. For example, a length measurement 
interferometer, an air micro, and an electrostatic-capacity sensor can be used, or the autofocus function in a 
FIA system which is indicated by the U.S. Pat. No. 5,721,605 official report and the U.S. Pat. No. 5,783,833 
official report can be used. Moreover, if the above-mentioned reflector and the reflector which inclined to 
XY flat surface in the above-mentioned reflecting mirror are established as indicated by JP,2000-39305,A or 
JP,2000-49066,A when detecting the location of XY flat surface of a container reference plate using a 
length measurement interferometer as mentioned above, it will become possible to detect the location of the 
Z direction of a container reference plate, as a result aberration system of measurement, the inclination of 
the circumference of the X-axis, and the inclination of the circumference of a Y-axis. 
[0044] Furthermore, opening for proofreading is formed in the above-mentioned container reference plate in 
this invention. Therefore, the light from opening for proofreading forms many images on the light-receiving 
side of CCD by illuminating this opening for proofreading. Although each image of opening for 
proofreading is tidily located in a line and should be formed in the design value, the location gap of the 
quantity of light center-of-gravity location of each opening image measured actually will be carried out 
under the effect of the wave aberration of aberration system of measurement etc. from the ideal location 
assumed on the design. 

[0045] Here, a location gap of each generated opening image originates only in aberration system of 
measurement. So, in this invention, the location of each opening image obtained by the above-mentioned 
self-calibration is set as each zero for measurement. Consequently, wave aberration measurement with a 
high precision can be performed, without errors, such as wave aberration which the aberration system of 
measurement itself generates by measuring wave aberration based on each set-up zero for measurement, 
influencing the measurement result of a test optical system substantially. 

[0046] The operation gestalt of this invention is explained based on an accompanying drawing. Drawing 1 is 
drawing showing roughly the configuration of the aligner equipped with the test equipment concerning the 
operation gestalt of this invention. In drawing 1 , the X-axis is set [ the Z-axis ] up in the direction vertical 
to the space of drawing 1 for the Y-axis in a wafer side in the direction parallel to the space of drawin g 1 in 
a wafer side along the direction of a normal of the wafer W which is a photosensitive substrate, respectively. 
In addition, although drawing 1 shows the condition at the time of the aberration measurement which 
positioned the container reference plate of test equipment to the image surface of a projection optical system 
PL, at the time of the location detection using a FIA system or the autofocus system of an oblique incidence 
method, and projection exposure, Wafer W is positioned in the image surface of a projection optical system 
PL. 

[0047] The aligner of drawing 1 is equipped with the excimer laser which supplies wavelength (248nm 
(KrF) or 193nm (ArF)) of light as the light source 1 for supplying exposure light (illumination light). 
Mostly, after [ which was injected from the light source 1 ] being orthopedically operated by the flux of 
light of a predetermined cross section through the beam plastic surgery optical system 2, incidence of the 
parallel flux of light is carried out to the coherence reduction section 3. The coherence reduction section 3 
has the function to reduce generating of the interference pattern on the mask M which is an irradiated plane 
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(as a result, on Wafer W). About the detail of the coherence reduction section 3, it is indicated by JP,59- 
2263 17,A, for example. 

[0048] The flux of light from the coherence reduction section 3 forms much light sources in an after that 
side focal plane through the 1st fly eye lens 4. The light from the light source of these large number 
illuminates the 2nd fly eye lens 6 in superposition through the relay optical system 6, after being deflected 
by the oscillating mirror 5. Here, the oscillating mirror 5 is a bending mirror rotated to the circumference of 
the X-axis, and has the function to reduce generating of the interference pattern in an irradiated plane. In this 
way, the secondary light source which consists of much light sources is formed in a backside [ the 2nd fly 
eye lens 7 ] focal plane. The flux of light from this secondary light source carries out homogeneity lighting 
of the mask M with which the predetermined pattern was formed in the bottom side in superposition through 
the capacitor optical system 9, after being restricted by the aperture diaphragm 8 arranged in that near. 
[0049] The flux of light which penetrated the pattern of Mask M forms the image of a mask pattern through 
a projection optical system PL on the wafer W which is a photosensitive substrate. Mask M is laid in the 
mask stage MS through the mask holder (un-illustrating). In addition, a mask stage MS is driven by the 
mask stage control section (un-illustrating) based on the command from a main control system (un- 
illustrating). At this time, migration of a mask stage MS is measured in a mask interferometer (un- 
illustrating) and the migration mirror (un-illustrating) formed in the mask stage MS. 
[0050] On the other hand, the vacuum chuck of the wafer W is carried out to the wafer holder WH on the 
wafer stage WS. The wafer stage WS is driven by the wafer stage control section (un-illustrating) based on 
the command from a main control system (un-illustrating). At this time, migration of the wafer stage WS is 
measured in the wafer interferometer WIF and the migration mirror WM formed in the wafer stage WS. In 
this way, the wafer stage WS has the locomotive function of the direction of X, the locomotive function of 
the direction of Y, the locomotive function of a Z direction, the revolution function of the circumference of 
the Z-axis, the tilt function of the circumference of the X-axis, and the tilt function of the circumference of a 
Y-axis, and position control is carried out by the wafer interferometer WIF and the wafer stage control 
section by nano order. 

[0051] Moreover, the aligner of drawing 1 is equipped with the FIA (Field Image Alignment) system of an 
off-axis method as a 1st location detection system for detecting the location of the wafer W along the flat 
surface vertical to an optical axis AX, i.e., XY flat surface, of a projection optical system. This FIA system 
is equipped with the halogen lamp (un-illustrating) as the light source for supplying the illumination light 
with wide wavelength bandwidth. Incidence of the illumination light from the light source is carried out to a 
light guide 21 through relay optical system (un-illustrating). Incidence of the light which spread the interior 
of a light guide 21 is carried out to the half prism 24 through a condenser lens 22 and a relay lens 23. 
[0052] The illumination light reflected by the half prism 24 carries out epi-illumination of each alignment 
mark (for example, the line and tooth-space pattern of the line of the direction of X, a tooth-space pattern, 
and the direction of Y) formed on Wafer W through the 1st objective lens 25 and a reflecting prism 26. 
Incidence of the reflected light from each illuminated alignment mark is carried out to the half prism 24 
through a reflecting prism 26 and the 1st objective lens 25. Incidence of the light which penetrated the half 
prism 24 is carried out to the half prism 28 through the 2nd objective lens 27. The light which penetrated the 
half prism 28 reaches in the direction CCD 29 of X, and the light reflected by the half prism 28 reaches in 
the direction CCD 30 of Y. 

[0053] Here, the amplification image of the direction alignment mark of X is formed in the image pick-up 
side of the direction CCD 29 of X, and the amplification image of the direction alignment mark of Y is 
formed in the image pick-up side of the direction CCD 30 of Y. In this way, by carrying out the image 
processing of the image pick-up signal acquired in the direction CCD 29 of X, and the direction CCD 30 of 
Y, if the location along XY flat surface of each alignment mark is pulled, the location along XY flat surface 
of Wafer W is detected. And based on the positional information of each detected alignment mark, 
alignment along XY flat surface of Wafer W can be performed. In addition, about the detail of a FIA 
system, it is indicated by JP,4-65603,A, JP,4-273246,A, etc., for example. 

[0054] Furthermore, the aligner of drawing 1 is equipped with the so-called two-dimension autofocus 
system (AF system) of an oblique incidence method as a 2nd location detection system for detecting the 
location of the wafer W in alignment with the direction, i.e., the Z direction, of an optical axis AX of a 
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projection optical system. The 2-dimensional AF system of this oblique incidence method is equipped with 
the halogen lamp (un-illustrating) as the light source for supplying the white light with wavelength width of 
face wide as a detection light. Incidence of the illumination light from the light source is carried out to a 
light guide 31 through relay optical system (un-illustrating). After the light which spread the interior of a 
light guide 31 is mostly changed into the parallel flux of light through a condenser lens 32, incidence of it is 
carried out to a polarizing prism 33. A polarizing prism 33 deflects the parallel flux of light from a 
condenser lens 32 according to a refraction operation mostly. Moreover, the transparency mold grid pattern 
with which the long and slender transparency section prolonged in the direction of X and the long and 
slender protection- from-light section prolonged in the direction of X were prepared by turns in the fixed 
pitch is formed in the polarizing prism's 33 injection side. 

[0055] Incidence of the light which penetrated the transparency mold grid pattern of a polarizing prism 33 is 
carried out to the condenser lens 34 for projection arranged in accordance with an optical axis parallel to the 
optical axis AX of a projection optical system PL. The flux of light through the condenser lens 34 for 
projection reaches Wafer W in a necessary incident angle through a mirror 35 and the objective lens 36 for 
projection. In this way, on Wafer W, the primary image of the grid pattern as a 2-dimensional slit projection 
pattern covers the whole, and is formed at accuracy. Incidence of the light reflected with Wafer W is carried 
out to the condenser lens 39 for light-receiving through the objective lens 37 for light-receiving, and the 
oscillating mirror 38. Incidence of the light through the condenser lens 39 for light-receiving is carried out 
to the above-mentioned polarizing prism 33 and the swing-and-tilt amendment prism 40 which has the same 
configuration. 

[0056] In this way, the secondary image of a grid pattern is formed in the plane of incidence of the swing- 
and-tilt amendment prism 40. In addition, the 2-dimensional light-receiving slit as a protection-from-light 
means is prepared in the plane of incidence of the swing-and-tilt amendment prism 40. Incidence of the light 
injected from the injection side of the swing-and-tilt amendment prism 40 is carried out to the relay optical 
system 41 which consists of lenses of a couple. The light through the relay optical system 41 forms the 
conjugate image of the secondary image of a grid pattern and opening of a light-receiving slit which were 
formed on the plane of incidence of the swing-and-tilt amendment prism 40 on the light-receiving side of a 
light sensing portion 42. Two or more silicon photodiodes as a 2-dimensional photo sensor are formed in the 
light-receiving side so that it may correspond to two or more openings of a light-receiving slit optically. 
[0057] In addition, the injection side of a polarizing prism 33 and the exposure side of Wafer W in which 
the grid pattern was formed, and the plane of incidence of the swing-and-tilt amendment prism 40 and the 
exposure side of Wafer W in which the 2-dimensional light-receiving slit was formed have conjugation 
relation which fulfilled the conditions of the Shine proof. Here, if Wafer W carries out vertical migration in 
accordance with the optical axis AX of a projection optical system PL at a Z direction, corresponding to 
vertical migration of Wafer W, as for the secondary image of the grid pattern formed on the plane of 
incidence of the swing-and-tilt amendment prism 40, a strike slip will be started in the pitch direction of a 
pattern. 

[0058] In this way, the field location of the wafer W which carried out photoelectrical detection of the 
amount of strike slips of the secondary image of a grid pattern, and met the optical axis AX of a projection 
optical system PL by the principle of a photoelectric microscope based on the amount of strike slips which 
carried out photoelectrical detection is detected. Moreover, the field location of the wafer W which met the 
optical axis AX of a projection optical system PL according to the 2-dimensional multipoint autofocus 
method is detected two-dimensional. Consequently, alignment of the field location of Wafer W can be 
carried out in the direction of a focus of a projection optical system PL two-dimensional by moving the 
wafer stage WS to a Z direction, or carrying out a tilt to the circumference of the X-axis, and the 
circumference of a Y-axis. In addition, about the detail of the principle of a photoelectric microscope, it is 
indicated by JP,56-42205,A, for example. Moreover, about the detail of a 2-dimensional multipoint 
autofocus method, it is indicated by JP,6-97045,A, for example. 

[0059] As mentioned above, in the aligner of drawing 1 , it exposes by positioning Mask M and Wafer W to 
high degree of accuracy to a projection optical system PL. Moreover, alignment of exchanged Mask M and 
exchanged Wafer W is carried out to high degree of accuracy, they are piled up, and exposure is repeated. 
At this time, location detection of Wafer W is carried out to high degree of accuracy by an above-mentioned 
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FIA system and an above-mentioned 2-dimensional AF system at the time of exchange of Wafer W. And 
position control of Wafer W is carried out to high degree of accuracy by the wafer interferometer WIF and 
the wafer stage control section. In this way, various patterns are formed in each exposure field of Wafer W 
by repeating the heavy exposure to Wafer W. 

[0060] The aligner of this operation gestalt is equipped with the test equipment for measuring the wave 
aberration of a projection optical system PL. Drawing 2 is drawing showing roughly the important section 
configuration of the test equipment of drawing 1 , and is drawing showing the condition of having 
developed aberration system of measurement in accordance with the optical axis. Hereafter, with reference 
to drawing 1 and drawing 2 , the configuration of the test equipment of this operation gestalt is explained. In 
the test equipment of this operation gestalt, the test mask TM for aberration measurement is installed on a 
mask stage MS on the occasion of measurement of the wave aberration of the projection optical system PL 
as a test optical system. As shown in the test mask TM at drawing 3 , two or more ( drawing 3 nine pieces) 
opening 10a of the circle configuration for aberration measurement is formed in the shape of a matrix along 
the direction of X, and the direction of Y. Moreover, opening 10b of the shape of a big square is formed 
more nearly substantially than opening 1 0a. 

[0061] Moreover, the test equipment of this operation gestalt is equipped with the container reference plate 
1 1 attached on the wafer stage WS in the almost same height location (Z direction location) as the exposure 
side of Wafer W. It consists of a glass substrate, and it is vertical to the optical axis AX of a projection 
optical system PL, as a result a container reference plate 1 1 has base plane 1 la vertical to the optical axis 
AX1 of the aberration system of measurement mentioned later. As shown on this base plane 1 la at drawin g 
4 , opening (light transmission section) 1 lb for proofreading is formed in that center section, and two or 
more sets ( drawing 4 4 sets) alignment mark 1 lc is formed around it. 

[0062] Here, opening 1 lb for proofreading is set up more greatly than the image of opening 10a of the test 
mask TM formed through a projection optical system PL. Moreover, alignment mark 11c of each class 
consists of the lines and tooth-space patterns which were formed along the line, and the tooth-space pattern 
and the direction of Y formed along the direction of X. Furthermore, 1 Id of reflectors is formed in the field 
except opening 1 lfor proofreading b, and two or more alignment mark 11c. 1 Id of reflectors is formed by 
vapor-depositing chromium (Cr) to a glass substrate. 

[0063] Furthermore, the test equipment of this operation gestalt is equipped with the aberration system of 
measurement as optical system for measuring the wave aberration of a projection optical system PL. In 
aberration system of measurement, the light from the image of opening 10a of the test mask TM formed in 
the image surface through the projection optical system PL carries out incidence to the micro fly eye 14 
through a collimate lens 12 and a relay lens 13. The micro fly eye 14 is an optical element which consists of 
microlens 14a of a large number which have the forward refractive power of the shape of a square arranged 
in all directions and densely, as shown in drawing 5 . The micro fly eye 14 is constituted by performing 
etching processing to for example, a parallel flat-surface glass plate, and forming a microlens group. 
[0064] Therefore, the flux of light which carried out incidence to the micro fly eye 14 is divided by much 
microlens 14a two-dimensional, and one image of opening 10a is formed near the backside [ each microlens 
14a ] focal plane, respectively. A paraphrase forms many images of opening 10a near the backside [ the 
micro fly eye 14 ] focal plane. In this way, the image of formed a large number is detected by CCD 15 as a 
2-dimensional image sensor. The output of CCD 15 is supplied to the signal-processing unit 19. Thus, the 
micro fly eye 14 constitutes the wavefront-splitting component for carrying out wavefront splitting of the 
light from the primary image of opening 10a of the test mask TM formed in the image surface of projection 
optical system PL **, and forming many secondary images of opening 10a. 

[0065] Moreover, CCD 15 constitutes the photoelectrical detecting element for carrying out photoelectrical 
detection of many secondary images of opening 10a formed of the micro fly eye 14 as a wavefront-splitting 
component. Furthermore, as shown in drawing 1 , a collimate lens 12, a relay lens 13, the micro fly eye 14, 
and CCD1 5 are formed in the interior of a mask stage MS, and constitute the aberration system of 
measurement as optical system for measuring the wave aberration of a projection optical system PL. 
Consequently, the container reference plate 1 1 is attached in aberration system of measurement (12-15) in 
one. 

[0066] Generally, in the aligner, the numerical aperture (NA) of the illumination light supplied from an 
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illumination system (1-9) is set up smaller than the body side numerical aperture of a projection optical 
system PL. Therefore, even if it illuminates opening 1 Oa of the test mask TM using an illumination system 
(1-9), incidence will be carried out to a projection optical system PL with numerical aperture with an 
inadequate light through opening 10a. Then, in order to illuminate opening 10a with the numerical aperture 
NAi more than the body side numerical aperture NAp of a projection optical system PL (incoherent 
lighting), the test equipment of this operation gestalt is equipped with the lemon skin plate 16 for being 
arranged free [ insertion and detachment ] and diffusing the flux of light in the optical path between an 
illumination system (1-9) and the test mask TM, as shown in drawin g 1 . 

[0067] Drawing 6 is drawing showing a dispersion property when the parallel flux of light carries out 
incidence to a lemon skin plate. Moreover, drawing 7 is drawing which compares the luminance distribution 
in the lighting NA of the flux of light which carries out incidence to a test mask, when the luminance 
distribution and the lemon skin plate in the lighting NA of the flux of light which carries out incidence to a 
test mask when not installing a lemon skin plate are installed. If drawing 6 and drawin g 7 are referred to, in 
order to expand the numerical aperture of the flux of light from an illumination system (1-9), when the 
lemon skin plate 16 is installed, it turns out that the brightness property of an illumination-light bundle gets 
worse. So, with this operation gestalt, it has the neutral density filter 17 for being arranged free [ insertion 
and detachment ] near [ in which the secondary light source is formed ] the aperture diaphragm 8, and 
forming the flux of light of optical predetermined intensity distribution all over the illumination-light way of 
an illumination system (1-9). 

[0068] Here, the brightness property of the illumination-light bundle which gets worse with the lemon skin 
plate 1 6 can be mostly equalized by giving permeability distribution of a reverse normal-distribution 
configuration as shown in drawing 8 to a neutral density filter 17 to the lemon skin plate 16 which has the 
dispersion property of a normal-distribution configuration as shown in drawin g 6 . Or by installing the zona- 
orbicularis aperture diaphragm which replaces with an aperture diaphragm 8 and has zona-orbicularis-like 
opening, and restricting the secondary light source in the shape of zona orbicularis, as shown in drawing 9 , 
the brightness property of the illumination-light bundle which gets worse with the lemon skin plate 16 can 
also be equalized mostly. Of course, installation of a neutral density filter 17 and installation of zona- 
orbicularis aperture-diaphragm 8a which has zona-orbicularis-like opening can also be used together. 
[0069] As mentioned above, the lemon skin plate 16 and the neutral density filter 17 (the need is accepted 
and it is zona-orbicularis aperture-diaphragm 8a) constitute the numerical-aperture amplification means for 
expanding the numerical aperture of the flux of light from an illumination system (1-9). And the lemon skin 
plate 16 constitutes the diffused-light faculty material for being arranged free [ insertion and detachment ] 
and diffusing the flux of light in the optical path between an illumination system (1-9) and the test mask 
TM. Moreover, the neutral density filter 17 (the need is accepted and it is zona-orbicularis aperture- 
diaphragm 8a) constitutes the brightness property equalization means for equalizing the brightness property 
of the illumination-light bundle which gets worse with the lemon skin plate 16. It can replace with 
installation of the lemon skin plate 16, and lemon skin processing of the upside side of the test mask TM can 
also be carried out. 

[0070] Generally, the dispersion property of a lemon skin plate can be changed to some extent according to 
the field surface roughness of the grinding stone at the time of making a lemon skin plate, and the difference 
of the floor to floor time at the time of carrying out the chemical treatment of the front face from an acid. In 
addition, it is also possible to maintain mostly the brightness property in the lighting N A of the flux of light 
to which it replaced with the lemon skin plate 16, remarkable DOE (diffracted-light study component: 
differential-gear RAKUTIBU OPUTIKUSU element) of current technical progress was used, and numerical 
aperture was expanded to homogeneity. DOE is constituted by usually forming a diffraction pattern with 
phot lithography on a glass plate, and DOE which has a property which makes the brightness property of the 
scattered light homogeneity mostly to a fixed include angle is also developed. Therefore, when using DOE 
as diffused-light faculty material, installation of zona-orbicularis aperture-diaphragm 8a which has 
installation of a neutral density filter 17 and zona-orbicularis-like opening can also be omitted. In addition, 
in recent years, the numerical aperture of the illumination light supplied from the illumination system of an 
aligner tends to become large. When the numerical aperture of the illumination light supplied from the 
illumination system of an aligner is set up here more greatly enough than the body side numerical aperture 
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of a projection optical system PL, it is also possible to measure without using the lemon skin plate 16 as a 
numerical-aperture amplification means (for example, when it being sigma>=l). 
[0071] With this operation gestalt, as mentioned above, opening 10a is illuminated with the numerical 
aperture NAi more than the body side numerical aperture NAp of a projection optical system PL. In this 
case, as shown in drawing 10 , it is possible to think that the image formation optical system of mutually- 
independent a large number exists in each microlens 14a of every [ of the micro fly eye 14 of aberration 
system of measurement ]. Each image formation optical system will carry out incoherent image formation of 
the image of opening 10a in response to the effect of a part of wave aberration equivalent to the magnitude 
of each microlens 14a, respectively. At this time, as shown in drawing 1 1 , aberration system of 
measurement is set up so that image lOi of opening 10a may be formed in the center of opening 1 lb for 
proofreading of a container reference plate 1 1 . That is, opening 1 lb for proofreading is substantially set up 
greatly rather than image lOi of opening 10a formed through a projection optical system PL. 
[0072] When it considers from an image formation theory and a tilt component (inclination component) is 
in wave aberration, it is obvious that the image formed through each microlens 14a carries out a location 
shift. That is, location gap of an image will occur to the average amount of wave-front inclinations. When it 
puts in another way, location gap of the image according to the partial amount of wave- front inclinations 
will occur for every image formation optical system, respectively. The condition of each image at this time 
is the same as the condition of the conventional point formed based on the spherical wave generated using 
the minimum pinhole. Therefore, measurement of wave aberration is attained by the same signal processing 
as the conventional technique. 

[0073] When wave aberration does not remain in a projection optical system PL, specifically, the quantity of 
light center-of-gravity location of each image of opening 10a is formed in each home position for 
measurement. When there is no error resulting from wave aberration etc. in aberration system of 
measurement so that it may mention later, each home position for measurement is set up on the optical axis 
of each microlens 14a of the micro fly eye 14. Actually, since wave aberration remains in the projection 
optical system PL, the location gap of the quantity of light center-of-gravity location of each image of 
opening 10a is carried out from each home position for measurement. Therefore, with this operation gestalt, 
the wave aberration of a projection optical system PL will be measured based on the above-mentioned 
location gap information included in the output of CCD 15. 

[0074] However, since it is the method to which image formation of the opening 1 0a of resolvable 
magnitude is carried out in CCD 15, it is not necessary to form opening 10a as the minimum pinhole like 
before, and to generate a spherical wave with this operation gestalt. That is, although it is necessary with the 
conventional technique to form the minimum pinhole where roundness is high in order to generate an exact 
spherical wave, the configuration of opening 10a is not limited to a circle configuration with this operation 
gestalt. Moreover, the permeability in the optical path from opening 10a to CCD15 is determined depending 
on the permeability of the optical member which constitutes aberration system of measurement, and 
degradation of the brightness by diffraction like [ in the case of the conventional technique using the 
minimum pinhole ] does not take place. Consequently, it becomes possible to offer a remarkable big 
illuminance as compared with the case of the conventional technique using the minimum pinhole to CCD 15 
which is an image sensor. 

[0075] Hereafter, the actuation which measures the wave aberration of a projection optical system PL using 
the test equipment of this operation gestalt is explained. With this operation gestalt, as mentioned above, the 
container reference plate 1 1 attached in aberration system of measurement (12-15) in one is formed. And on 
base plane 1 1 a of a container reference plate 1 1 , while alignment mark 1 1 c is formed by etching the 
chromium film etc., lid of reflectors processed with required sufficient profile irregularity is formed. 
Therefore, if the location of the container reference plate 1 1 along XY flat surface is pulled based on 
alignment mark 11c using the above-mentioned FIA system carried in the aligner, the location of the 
aberration system of measurement along XY flat surface is detectable. 

[0076] Moreover, if the field location of the container reference plate 1 1 in alignment with a Z direction is 
pulled based on the flux of light which was made to carry out incidence of the flux of light from across to 
lid of reflectors, and was reflected at 1 Id of reflectors using the 2-dimensional AF system of the above- 
mentioned oblique incidence type carried in the aligner, the Z direction location of aberration system of 
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measurement, the inclination of the circumference of the X-axis, and the inclination of the circumference of 
a Y-axis are detectable. Furthermore, an operation of the above-mentioned wafer interferometer WIF carried 
in the aligner and a wafer stage actuator can perform promptly highly precise alignment (alignment) and 
position control to same extent as Wafer W. 

[0077] If aberration system of measurement is carrying out the location gap to the projection optical system 
PL which is a test optical system at the direction of X, the direction of Y, the Z direction, etc., a wave 
aberration component of a low degree like a tilt component or a defocusing component will occur greatly. 
Then, in order to measure wave aberration, it is necessary to drive in a location gap of aberration system of 
measurement in a wave aberration measurement stroke. Furthermore, in order to raise the accuracy of 
measurement of wave aberration, it is desirable to measure wave aberration, where the above wave 
aberration components of a low degree are driven in as much as possible. By installing a container reference 
plate 1 1, quick position control becomes possible by the accuracy of aberration system of measurement, and 
above-mentioned last spurt actuation becomes easy. Consequently, the absolute value measurement 
precision of absolute location measurement of the focal field of a projection optical system PL or distortion 
can be raised. 

[0078] The wafer stage WS is driven, and if aberration system of measurement is attracted into the exposure 
visual field field of a projection optical system PL, specifically, it is moved into the detection visual field 
field of a 2-dimensional AF system. In the condition, alignment of the base plane 1 la of a container 
reference plate 1 1 is carried out to the image surface of a projection optical system PL using a 2- 
dimensional AF system. That is, the location in alignment with the Z direction of base plane 1 la of a 
container reference plate 1 1, the inclination of the circumference of the X-axis, and the inclination of the 
circumference of a Y-axis are detected, and alignment adjustment is carried out so that base plane 1 la may 
be mostly in agreement with the image surface of a projection optical system PL. Next, the wafer stage WS 
is driven along XY flat surface, and aberration system of measurement is moved into the detection visual 
field field of a FIA system. And the location along XY flat surface of the optical axis AX1 of aberration 
system of measurement is detected using a FIA system by carrying out location detection of the alignment 
mark 1 lc on a container reference plate 1 1 . 

[0079] In addition, the physical relationship information between alignment mark 1 lc on a container 
reference plate 1 1 and the optical axis AX1 of aberration system of measurement is beforehand recognized 
by control software as data like the usual wafer alignment. Moreover, since there is two or more sets of 
alignment mark 11c, still highly precise location detection is attained by EGA (en hunger strike global 
alignment), i.e., the equalization effectiveness of two or more data. In this way, aberration system of 
measurement is positioned in first stage to the location in which the 1st image of opening 10a arbitrarily 
chosen among two or more openings prepared in the test mask TM is formed through a projection optical 
system PL. 

[0080] That is, the central point of the 1st image of opening 10a in which aberration system of measurement 
was formed through the projection optical system PL in the condition of having been positioned by accuracy 
in first stage, and the optical axis AX1 of aberration system of measurement are in agreement in XY flat 
surface. That is, as shown in drawing 1 1 , the central point of image lOi of opening 10a and the central point 
of opening 1 lb for proofreading of a container reference plate 1 1 are in agreement in XY flat surface. In this 
initial state, the wave aberration of a projection optical system PL is measured based on the output of 
CCD 15. the tilt component from this measurement result, a power component (defocusing component), and 
an astigmatic difference component (ASU component) ~ asking ~ the absolute value of a tilt component to 
distortion ~ a power component to a focal field (image surface) ~ a location can be absolutely asked for 
image surface **** from an astigmatic difference component, respectively. 

[0081] Next, aberration system of measurement is made to move slightly so that a tilt component and a 
power component may become as small as possible. Based on amount of jogging delta[ of the amount delta 
x of jogging of the direction of X of the aberration system of measurement at this time, and the direction of 
Y ] y, the absolute value of distortion can also be calculated for the absolute location of a focal side based 
on amount of jogging deltaz of the Z direction of aberration system of measurement, respectively. In this 
way, where a tilt component and a power component are driven in as small as possible, based on the output 
of CCD1 5, the wave aberration of a projection optical system PL is eventually measured to high degree of 
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accuracy. 

[0082] Measurement actuation of above-mentioned wave aberration is similarly performed one by one about 
two or more remaining openings prepared in the test mask TM. Thus, after positioning of the aberration 
system of measurement over the 1 st opening of the test mask TM is completed using a container reference 
plate 1 1 Like original baking actuation of an aligner, while always carrying out alignment of the height 
location of a container reference plate 1 1 by the 2-dimensional AF system The location which met XY flat 
surface of the wafer stage WS based on the print-out of the wafer interferometer WIF can be controlled, and 
wave aberration in the arbitration coordinate location of a projection optical system PL can be measured 
(namely, measurement of the wave aberration to two or more remaining openings of the test mask TM). 
[0083] As mentioned above, it is possible to drive in so that only a desired value may make aberration 
system of measurement move slightly and a tilt component and a power component may become small with 
this operation gestalt based on the tilt component and power component which it is as a result of [ of 
aberration system of measurement / first stage ] measurement. By this function, the measurement of highly 
precise wave aberration based on high-speed position control is attained. In addition, measurement of the 
wave aberration of a projection optical system PL is performed not only at the time of first stage adjustment 
and inspection of a projection optical system PL but at the time of subsequent inspection. Since 
measurement of the wave aberration at the time of inspection is performed by stopping in primary 
manufacture of the device which is the original object of an aligner, the quick nature of an activity is 
required. In this case, the ease and quick nature of position control of this operation gestalt serve as a very 
important element. 

[0084] By the way, in order to measure to accuracy the wave aberration of the projection optical system PL 
carried in the aligner, how the effect of the wave aberration generated in the aberration system of 
measurement itself is processed poses a problem. Optical members, such as a collimate lens 12, a relay lens 
13, the micro fly eye 14, CCD 15, and a mirror (refer to drawing 1 ), are used for the aberration system of 
measurement of this operation gestalt. The manufacture error of these optical members is added to the 
measured value at the time of measurement of the wave aberration of a projection optical system PL. In 
order to suppress small the effect of the measured value on the wave aberration generated in the aberration 
system of measurement itself, the tolerance of each optical member which constitutes aberration system of 
measurement is set up very severely, and how to grasp beforehand the effect of the method of stopping 
small enough the wave aberration yield of aberration system of measurement as compared with the wave 
aberration yield of the projection optical system PL which is a test optical system, or the wave aberration 
generated in the aberration system of measurement itself, and amend measured value can be considered. 
[0085] In the case of the projection optical system PL by which a test optical system is carried in an aligner, 
like this operation gestalt, it is actually next to impossible to stop small enough the wave aberration yield of 
aberration system of measurement as compared with a projection optical system PL. It is because the 
amount of wave aberration which remains in the projection optical system PL of an aligner is stopped by the 
from the first very small value. On the other hand, in order to set up severely the profile irregularity of the 
lens components which constitute aberration system of measurement, or mirror components, the 
homogeneity of the optical material (optical glass) itself must be raised, or the absolute value precision of 
the interferometer which measures profile irregularity must be raised. 

[0086] In order to raise the precision of an interferometer, the improvement in the precision in components 
level which constitutes an interferometer, such as a FIZO lens and a reference spherical-surface mirror, and 
grasp with error are needed. A still severer precision is required of the grinder for raising profile irregularity 
itself, and the partial correction polish technique which amends profile irregularity selectively depending on 
the case must be applied. Thus, when it enumerates, it is turned out how it is difficult to stop small enough 
the wave aberration yield of the aberration system of measurement itself as compared with a projection 
optical system PL. Therefore, it holds down to the range which can permit the wave aberration yield of the 
aberration system of measurement itself to some extent, and it turns out that it is desirable to amend the 
effect of the wave aberration generated in the aberration system of measurement itself amending measured 
value based on the error of aberration system of measurement, i.e., by performing a self-calibration about 
aberration system of measurement. 

[0087] Hereafter, with reference to drawing 12 , the procedure of the self-calibration of the aberration 
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system of measurement in this operation gestalt is explained. First, on the occasion of the self-calibration of 
aberration system of measurement, aberration system of measurement is positioned in the location in which 
the image of opening 10b (refer to drawing 3 ) of the shape of a square of the test mask TM is formed 
through a projection optical system PL. In this condition, the illumination light from an illumination system 
(1-9) will illuminate opening 1 lb for proofreading of a container reference plate 1 1 through a projection 
optical system PL. Here, the lighting field (image of opening 10b) formed on a container reference plate 1 1 
through a projection optical system PL is more nearly substantially [ than opening 1 lb for proofreading ] 
large. 

[0088] In this way, the light from opening 1 lfor proofreading b forms many images of opening 1 lb for 
proofreading on the light-receiving side of CCD 15 through a collimate lens 12, a relay lens 13, and the 
micro fly eye 14. In the design value, on the optical axis of each microlens 14a of the micro fly eye 14, each 
image of opening 1 lb for proofreading is tidily located in a line, and should be formed. However, the 
location gap of the quantity of light center-of-gravity location of each opening image measured actually will 
be carried out from the ideal location assumed on the design according to the wave aberration of aberration 
system of measurement, the manufacture error of the micro fly eye 14, the array error of the photo detector 
of CCD 15, etc. 

[0089] Here, a location gap of each generated opening image does not originate only in aberration system of 
measurement, and is not influenced of the wave aberration of a projection optical system PL etc. In the self- 
calibration condition of drawing 12 , it is because the projection optical system PL has achieved the function 
of the lighting relay optical system arranged in the optical path between an illumination system and 
aberration system of measurement. So, with this operation gestalt, the location of each opening image 
obtained by the self-calibration is set as each zero for measurement. And wave aberration measurement with 
a high precision can be performed, without errors, such as wave aberration which the aberration system of 
measurement itself generates by measuring wave aberration based on each set-up zero for measurement, 
influencing the measurement result of a projection optical system PL substantially, in addition, the approach 
and ratio which install opening for self-calibrations at every calibration since opening 1 lb for proofreading 
is formed with this operation gestalt on the container reference plate 1 1 attached in aberration system of 
measurement in one ~ the error resulting from BE ** and a location gap of opening is not generated. 
[0090] Moreover, the error by the difference between the environment at the time of the measurement which 
measures wave aberration actually, and the environment at the time of a self-calibration can be considered 
as an error generated on the occasion of measurement of the wave aberration of a test optical system. 
Specifically, the error resulting from fluctuation of wavelength, the error resulting from fluctuation of 
temperature, the error resulting from fluctuation of an atmospheric pressure, etc. are mentioned, the 
component mainly influenced although all of these environmental variations cause a measurement error of 
aberration system of measurement ~ below the 3rd aberration - low ~ it is degree aberration (aberration to 
the Seidel's five aberrations as used in the field of geometrical optics). 

[0091] Here, although the error resulting from fluctuation of wavelength and the error resulting from 
fluctuation of an atmospheric pressure affect aberration system of measurement, the yield of the error is as a 
design value mostly, and is considered [ that it can expect in software, and ]. Therefore, change of the error 
which originates in fluctuation of an atmospheric pressure and fluctuation of wavelength based on the error 
which measured the error in a predetermined atmospheric pressure and predetermined wavelength, and was 
measured at the time of a self-calibration can be predicted. The amount of fluctuation between the 
atmospheric pressures and wavelength at the time of the atmospheric pressure and the actual wavelength, 
and the actual self-calibration at the time of measurement is calculated, and, specifically, it is possible for it 
to be based on the calculated amount of fluctuation and the generating error amount at the time of a self- 
calibration, and to calculate the generating error amount at the time of actual measurement. 
[0092] On the other hand, about the error resulting from fluctuation of temperature, the error generated 
under two or more temperature conditions at the time of a self-calibration can be measured, and change of 
the error which originates in fluctuation of temperature based on two or more measured errors can be 
predicted. Among the actual temperature at the time of measurement, and two or more measurement 
temperature which can be set at the time of a self-calibration, the amount of fluctuation between the 
measurement temperature nearest to actual temperature is calculated, and, specifically, it is possible for it to 
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be based on the calculated amount of fluctuation and the generating error amount at the time of a self- 
calibration, and to calculate the generating error amount at the time of actual measurement by the 
interpolation method (or extrapolation). 

[0093] In addition, in the self-calibration condition of drawing 12 , in order to fulfill the conditions of 
incoherent lighting over opening 1 lb for proofreading, while expanding the path of adjustable opening of 
aperture-diaphragm AS arranged at the pupil of a projection optical system PL beyond the need (to for 
example, maximum), it is desirable to set up opening 1 Ob of the test mask TM near the optical axis AX of a 
projection optical system PL. Moreover, it is desirable to install diffused-light faculty material like the 
lemon skin plate 1 8 into the optical path between a projection optical system PL and a container reference 
plate 11. 

[0094] however — the time of wanting to amend only the error which the self-calibration is performed in 
advance and originates in fluctuation of wavelength, an atmospheric pressure, or temperature — an error 
amount — low — degree aberration — and since it is small, it is not necessary to necessarily fulfill the 
conditions of incoherent lighting Although light does not carry out incidence to the microlens of the 
periphery of the micro fly eye 14 when not fulfilling the conditions of incoherent lighting, amendment with 
error is attained based on a location gap of the image formed through the microlens of a center section. That 
is, a self-calibration is performed in advance, and it asks for each home position, and sets up measurable at 
any time by a certain amount of accuracy of measurement, and offset may be added to each home position 
in the calibration before subsequent real measurement. Thus, although various the amendment approaches 
by the self-calibration are considered, there is no change in amending the effect of the wave aberration 
generated in the aberration system of measurement itself. 

[0095] In this way, in the aligner concerning an above-mentioned operation gestalt, the error of aberration 
system of measurement (1-9) is measured by the self-calibration (error measurement process). The 
measured error is memorized by the memory section of the signal -processing unit 19 (refer to drawing 2 and 
drawing 10 ) connected to CCD 15. And based on the error information which measured the wave aberration 
of the projection optical system PL as a test optical system using aberration system of measurement 
(aberration measurement process), and was measured by the self-calibration, the wave aberration measured 
value of a projection optical system PL is amended (amendment process). In this way, a projection optical 
system PL is adjusted based on the wave aberration of the amended projection optical system PL 
(adjustment process). On the occasion of adjustment of a projection optical system PL, make a lens move 
slightly, the pressure between lenses is controlled, or the optical member for aberration amendment is 
inserted. 

[0096] Subsequently, a mask can be illuminated according to an illumination system (lighting process), and 
micro devices (a semiconductor device, an image sensor, a liquid crystal display component, thin film 
magnetic head, etc.) can be manufactured by what is done at a photosensitive substrate for the scan exposure 
of the pattern for an imprint formed in the mask using the projection optical system (exposure process). By 
forming a predetermined circuit pattern in the wafer as a photosensitive substrate etc. hereafter using the 
aligner of this operation gestalt shown in drawing 1 explains with reference to the flow chart of drawing 13 
per example of the technique at the time of obtaining the semiconductor device as a micro device. 
[0097] First, in step 301 of drawing 13 , a metal membrane is vapor-deposited on the wafer of one lot. In the 
following step 302, a photoresist is applied on the metal membrane on the wafer of the 1 lot. Then, in step 
303, the sequential exposure imprint of the image of the pattern on a mask is carried out to each shot field 
on the wafer of the one lot through the projection optical system (projection optics module) using the aligner 
shown in drawing 1 . Then, in step 304, after development of the photoresist on the wafer of the one lot is 
performed, in step 305, the circuit pattern corresponding to the pattern on a mask is formed in each shot 
field on each wafer by etching by using a resist pattern as a mask on the wafer of the one lot. Then, devices, 
such as a semiconductor device, are manufactured by performing formation of the circuit pattern of the 
upper layer etc. further. According to the above-mentioned semiconductor device manufacture approach, the 
semiconductor device which has a very detailed circuit pattern can be obtained with a sufficient throughput. 
[0098] Moreover, in the aligner shown in drawing 1 , the liquid crystal display component as a micro device 
can also be obtained by forming predetermined patterns (a circuit pattern, electrode pattern, etc.) on a plate 
(glass substrate). Hereafter, with reference to the flow chart of drawing 14 , it explains per example of the 
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technique at this time. In drawing 14 , the so-called optical lithography process which carries out imprint 
exposure of the pattern of a mask at photosensitive substrates (glass substrate with which the resist was 
applied) is performed at the pattern formation process 401 using the aligner of each operation gestalt. Of this 
optical lithography process, the predetermined pattern containing many electrodes etc. is formed on a 
photosensitive substrate. Then, by passing through each process, such as a development process, an etching 
process, and a reticle exfoliation process, a predetermined pattern is formed on a substrate and the exposed 
substrate shifts to the following light filter formation process 402. 

[0099] Next, in the light filter formation process 402, many groups of three dots corresponding to R (Red), 
G (Green), and B (Blue) are arranged in the shape of a matrix, or form the light filter which arranged the 
group of three filters, R, G, and B, of a stripe in the direction of two or more horizontal scanning line. And 
403 is performed for a eel assembler after the light filter formation process 402. A eel assembler assembles 
a liquid crystal panel (liquid crystal cell) in 403 using the substrate which has the predetermined pattern 
obtained at the pattern formation process 401, the light filter obtained with the light filter formation process 
402. In 403, a eel assembler pours in liquid crystal between the substrate which has the predetermined 
pattern obtained at the pattern formation process 401 , for example, and the light filter obtained with the light 
filter formation process 402, and manufactures a liquid crystal panel (liquid crystal cell). 
[0100] Then, a module assembler attaches each part articles in which the display action of the assembled 
liquid crystal panel (liquid crystal cell) is made to perform, such as an electrical circuit and a back light, and 
makes it complete as a liquid crystal display component in 404. According to the manufacture approach of 
an above-mentioned liquid crystal display component, the liquid crystal display component which has a 
very detailed circuit pattern can be obtained with a sufficient throughput. 

[0101] In addition, in an above-mentioned operation gestalt, when using the F2 laser light source which 
supplies light with an ArF excimer laser which supplies light with a wavelength of 193nm, and a 
wavelength of 157nm, in order to avoid the optical absorption by oxygen, the optical path from the light 
source to a photosensitive substrate and the optical path in aberration system of measurement will be filled 
with inert gas, such as nitrogen and helium. In this case, by touching the polluted air, it is desirable to hold 
and convey aberration system of measurement to the bag or container filled with inert gas so that cloudiness 
may not occur in the lens side in aberration system of measurement. 

[0102] Moreover, although this invention is applied to the aligner equipped with the excimer laser with the 
above-mentioned operation gestalt, as shown in drawing 15 , this invention can also be applied to the aligner 
which makes an extra-high pressure mercury lamp the light source, without being limited to this. In this 
case, in the aligner concerning the modification shown in drawing 15 , the extra-high pressure mercury lamp 
51 which supplies the light containing the bright line of i line is positioned in the 1st focal location of the 
ellipse mirror 52 which has an ellipse reflector symmetrical with a revolution about an optical axis AX. 
Therefore, the illumination- light bundle injected from the light source 51 forms a light source image in the 
2nd focal location of the ellipse mirror 52. 

[0103] After the divergence flux of light from the light source image formed in the 2nd focal location of the 
ellipse mirror 52 is deflected by the reflective mirror 53 and is mostly changed into the parallel flux of light 
by the collimate lens 54, incidence of it is carried out to the fly eye lens 7 which is the optical integrator of a 
wave-front assembled die through a wavelength selection filter (un-illustrating). The configuration after the 
following and fly eye lens 7 is the same as that of the operation gestalt of drawing 1 . In addition, with a 
wavelength selection filter, only the light (365nm) of i line is chosen as an exposure light, for example. Or 
the light of the light of g line (436nm), h line (405nm), and i line can also be chosen simultaneously, for 
example, the light of g line and the light of h line can also be chosen simultaneously, and the light of h line 
and the light of i line can also be chosen simultaneously. 

[0104] Furthermore, although this invention is applied to the test equipment built into the aligner with the 
above-mentioned operation gestalt, as shown in drawing 16 , this invention is also applicable to the test 
equipment which has a wafer stage and a similar exclusive stage. In this case, although the test equipment 
concerning the modification shown in drawin g 16 is equipped with the illumination system of the aligner of 
drawing 1 , the illumination system which has the same configuration, the wafer stage of the aligner of 
dr awing 1 , and the exclusive stage SS which has a similar configuration, it is not equipped with the FIA 
system and AF system of an oblique incidence method. It replaced with these alignment systems and the 
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exclusive stage SS is equipped with the 2nd interferometer IF 2 and the 3rd interferometer IF 3 of a couple 
for measuring the 1st interferometer IF 1 for measuring the movement magnitude of the direction of Y, and 
the movement magnitude of the direction of X. In the test equipment concerning the modification shown in 
drawing 16 , the wave aberration of the projection optical system PL and other suitable test optical systems 
SL which should be carried in an aligner is measured. 

[0105] By the way, although the illumination system which has the same configuration as the illumination 
system of the aligner of drawing 1 is used in the test equipment concerning the modification shown in 
drawing 16 , this invention is also applicable to the test equipment which has the lighting unit of dedication 
as shown in drawing 17 . In this case, in the test equipment concerning the modification shown in drawin g 
17 , after the light from the light source (un-illustrating) spreads by the light guide 61 , opening of the test 
mask TM is illuminated through a condenser lens 62. In addition, the injection edge and condenser lens 62 
of a light guide 61 are supported in one by the base material 63. 

[0106] Here, the lighting unit (61-63) is constituted so that the test mask TM may be illuminated with the 
numerical aperture more than the body side numerical aperture of the projection optical system PL and other 
suitable test optical systems SL which should be carried in an aligner. In addition, when the lighting area 
size which a lighting unit (61-63) forms on the test mask TM is not enough, the wave aberration of a 
projection optical system PL or a test optical system SL will be measured, moving a base material 63 two- 
dimensional along XY flat surface, and carrying out sequential lighting of two or more openings of the test 
mask TM. 

[0107] Moreover, with the above-mentioned operation gestalt, while using the illumination system of an 
aligner, a projection optical system PL is operated as lighting relay optical system, the self-calibration of 
aberration system of measurement is performed, but as shown in drawing 18 , a self-calibration can also be 
performed using the lighting unit of the modification shown in drawing 17 , and a similar exclusive lighting 
unit. That is, in the modification shown in drawing 18 , after the light from the light source (un-illustrating) 
spreads by the light guide 61 , opening 1 lb for proofreading of a container reference plate 1 1 is illuminated 
through a condenser lens 62. At this time, the lighting unit (61 62) is constituted so that a container 
reference plate 1 1 may be illuminated with the numerical aperture more than the body side numerical 
aperture of aberration system of measurement. In this way, the error of aberration system of measurement as 
well as an above-mentioned operation gestalt can be measured. 

[0108] By the way, in the modification shown in drawing 18 , although the self-calibration of aberration 
system of measurement is performed using the lighting unit of dedication, as shown in drawing 19 , a self- 
calibration can also be performed using the illumination system and lighting relay optical system of an 
operation gestalt of drawing 1 . That is, in the modification shown in drawing 19 , the light from an 
illumination system which has the same configuration as the illumination system of the operation gestalt of 
drawing 1 illuminates opening 1 lb for proofreading of a container reference plate 1 1 through the lighting 
relay optical system 71. At this time, the lighting relay optical system 71 is constituted so that a container 
reference plate 1 1 may be illuminated with the numerical aperture more than the body side numerical 
aperture of aberration system of measurement. In this way, the error of aberration system of measurement as 
well as an above-mentioned operation gestalt can be measured. 

[0109] Furthermore, although the self-calibration of aberration system of measurement is performed with 
the above-mentioned operation gestalt by making the image of opening 1 lb for proofreading formed in the 
center of a container reference plate 1 1 form on the light-receiving side of CCD 15, as shown in drawing 20 , 
a self-calibration can also be performed based on the spherical wave generated through the minimum 
pinhole. That is, in the modification shown in drawing 20 , the light-receiving side of CCD 15 and the tool 
81 by which the minimum pinhole was optically formed in the location [****] are positioned. 
[0110] Therefore, in the case of the modification shown in drawing 20 , between a field [****] and base 
plane 1 la of a container reference plate 1 1, a predetermined gap (gap) will be optically formed with the 
light-receiving side of CCD 15. If a tool 81 is illuminated in this condition, the spherical wave generated 
from that minimum pinhole will form many images (condensing point) of the minimum pinhole in the light- 
receiving side of CCD 15 through a collimate lens 12, a relay lens 13, and the micro fly eye 14. In this way, 
the error of aberration system of measurement as well as an above-mentioned operation gestalt can be 
measured. 
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[01 1 1] By the way, as shown in drawing 21 , the modification shown in drawing 20 is also applicable to the 
aligner of drawing 1 . In this case, on the occasion of the self-calibration of aberration system of 
measurement, the test mask TM with which the minimum pinhole was formed is installed. If an illumination 
system (1-9) illuminates the test mask TM in this condition, the spherical wave generated from that 
minimum pinhole will form many images (condensing point) of the minimum pinhole in the light-receiving 
side of CCD 15 through a projection optical system PL, a collimate lens 12, a relay lens 13, and the micro fly 
eye 14. In this way, change of the error of the aberration system of measurement resulting from 
environmental fluctuation etc. can be measured like an above-mentioned operation gestalt. 
[0112] 

[Effect of the Invention] As explained above, in this invention, the method which illuminates opening 
positioned in the body side of a test optical system with the numerical aperture more than the body side 
numerical aperture of a test optical system (incoherent lighting), and carries out wavefront splitting of the 
light from the primary image of opening formed in the image surface of a test optical system, for example, 
forms many secondary images of opening on the light-receiving side of a photoelectrical detecting element 
like CCD is adopted. Consequently, in this invention, highly precise aberration measurement can be 
performed based on sufficient amount of measuring beams, without using the minimum pinhole for 
generating a spherical wave. 

[0113] Moreover, in this invention, it has the container reference plate attached in the aberration system of 
measurement for measuring the wave aberration of a test optical system in one, and the location detection 
system for detecting the location of this container reference plate. Since for example, the alignment mark 
and the reflector are formed in this container reference plate, the location of aberration system of 
measurement is promptly detectable to high degree of accuracy using an alignment mark or a reflector. 
Consequently, in this invention, first stage-positioning and position control of aberration system of 
measurement can be promptly carried out to high degree of accuracy, as a result quick and exact aberration 
measurement can be performed. 

[0114] Furthermore, in this invention, since opening for proofreading is formed in the above-mentioned 
container reference plate, many images are formed on the light-receiving side of CCD by illuminating this 
opening for proofreading. Although each image of opening for proofreading is tidily located in a line and 
should be formed in the design value, the location gap of the quantity of light center-of-gravity location of 
each opening image measured actually will be carried out under the effect of the wave aberration of 
aberration system of measurement etc. from the ideal location assumed on the design. So, in this invention, 
the location of each opening image obtained by the above-mentioned self-calibration is set as each zero for 
measurement. Consequently, wave aberration measurement with a high precision can be performed, without 
errors, such as wave aberration which the aberration system of measurement itself generates by measuring 
wave aberration based on each set-up zero for measurement, influencing the measurement result of a test 
optical system substantially. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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ft ftOKaW3S i: , ^BH^^ 5 ©3t«OMP» 
^ffi^-rSftftdPfflP^^St^Wf^c tAWS 

M a\ Miap^piScS£±?i§«> tuiafigH^^i : t5fia«it7 , £¥ 

v\, ^?>C, ^4%HJ5fej;tfS|6%Hj§(D^3ffi1i(c < J;n 
[0 0 2 1] Sfc, S4fMS«J:CfSB6SMIOS4MK 

*v^THuiafi»3t^3fiO«i:3t¥WK:Stf«fiftffiBC 

ft^offiTtig^ffM-rsftftciSTtjiE^is^w-r 

[0 0 2 2] *«WOS7^WPfi, DXMiSiiJ^^ffl^ 

r att3fc**oftffiiR^*i8!i^-r s ftfto^asstcfc 
v^t, * ftfto^MiJS 
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[ o o 2 3 ] m 7 fgfi©?g i mmic <fcna\ mibirmsij 
*^Lfc*K «t ») mmjEmMnuzmm u Miasffi 

#M*Ffc * D MS ttfcMK8iEffllfliPgp©£»©« 
[0 0 2 4] *^©^8^Tt4, iRUffl^^ffl^ 

fcfix., MIB^--^ h*^O^Mtt$gt*-^VT, tula 
[0 0 2 5] *aWOJB9«WPtt, VXi-afltS 

sswc «fe K>mzmzft¥%mMmfcm%t Lrm 
[0026] a 2 aw, 8 4 ana-si 6 ana, a^tra 
v. 

[0 0 2 7] *fgB^C0|g 1 0 £2ifcB& H4 

[0 0 2 8] :£#§fl3©H 1 1 ««iT»tt, 

JET S iRg»!l5£Xg , Itiie^MIiJ^XSTIiJ^ L fc§2 
«3t¥3SOiRI&fl!l^e*«iE-r«SiEXSf:*^trc fc 
[o o 2 9] W, l l £§H£©H l HBKlcktuf, fulB^M 
MfciJjg L, i^fSMCfi^VTMIBgtifiO^SjfcjE 



a©§§Mfcg-3l ^ TiaaoSSftKiEHf S i^©Mfc£ 

[0 0 3 0] $fc> Hi mioS4iiiaM 1 ffl 

Br)£ffi©«*£ftJBfi)c*SffiB&Xgfc, Sffitffflfc:.}:!) 

tuSBiiMSiJ^Xgfi, fulBm^ffifc^Pi^fitti* 
10 feLTiWr sffiS&Xgi:, MIBMPg|3^5©^M 

»fflLT*a©«*}gfig-rsfl[axef:, sb^sikj: 

^M*«iJ^-T5»Xgi:?r#tyc: tWS U\ 
[0 0 3 1] S5,t, Hi lf&iH©S5&filfc:«fcfttf, 
flflBKfiaJSXgtt, 3f ©)fc*Sffi#S!l LT ffl 
e!r3£ffi©flte£»»fi!frrsifB&Xgi:, JSffi^fflKJ: 

SuIBilMif^Xgtt, HuiBBfSffiSfett^Oifi^ 
[0 0 3 2] Sft, Hi lAfiOS6ttKlcJ:n(f, M 

*, lusaKtsaa^istt, fuiBm^ffiifi^cffisatos 

nfe«!iEfflMPSIJi&sawrsffil&XSi:, KttiEfflllBP 

30 gp^^o^^sffi^WLT^ao^^m-rsfflKjxg 

SffiiMWfcJ: DffM^nfcHuIB^ao^tS-iS^T 
tuIBiKMfJ^o^M^ffl^-rsffil&Xgt^^tyc fc 

[0 0 3 3] 1 ZSfflTIi, a»3t***^ 

LT, MIBS^^O^ffiiRM^H 1 liiO^SS 
ffit <fc D L, MIBMlExafc «fc D ffiiE^n/csufB^ 

40 -raiBfixe*^tri:i:*«Fafc-raa3t&ffi*g«-r 

•So 

[0034] n zminw, i siit.ina; tuie^M 

Hi 2«BBOS2iBan:j:ti«, MIB^MSiJ/gXgT' 

so ^as-raeif:Awsu\ 
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[0035] sbk, mi 2mw<Dmmmic£tu,f. 

fuiB^giiJ^Xgtt, MfSRlTSffifcPjflpgp^fitH 
[0 0 3 6] Sfc, £ 1 2mi<Dm4W8ttc&tlii, Bij 10 

fgfiic^ nft tus*»o«*3ifi«i*ui-r ««8&xe t 

«B>jX8i:^tyc fctffft Lv\ 
[0 0 3 7] ^1 2?glJl©£5Ji8g£J:tt«\ 20 

s n^SiEffl hi □ &%mm* % *f axe t , ^^Effl m 

[0 0 3 8] Sfc, ^1 2^coH6S^ci;ntt\ tu so 

[0039] #fgnn©S! i 3^t-i±, tg i zwmm 

[0 0 4 0] 

n/c^PSP^Hg^ Or>nt-U>hspS) u M^Tt 

^<D»®{;ugfig?n7ciBpgp<o-^»*^(o^*ifia5 

[0 0 4 1 ] fifefeftffiT?tiiE5tft«ffiS*5S 50 
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S&ffitraSft^ *^T«r^PSI5©fg«ttP3^ttfcPS 

s c t & < , w*im&msc.w3\^ximwzwm 

[0 0 4 2] *5ffl-W4, «P»)t33fc©ififfiiKM 

co^Sofiffifct&ffit-SfcftoffiBtfttfi 
SimTi/^, co^Sfctt, fchZ.&T'm- 

T, fcfc*tf«^BK#feW*iiffl , f*i§£, KftS 
■KfclgSftfcF I A£ (Pfflttfc® SrfflV^T, 7^ 

[0 0 4 3] Sft, R^BfcfS«3ttfc8A#£©r 

t, aeje*mo3fciiii^iflitc}£iofcsig*Roffiffi«*, 
a^TaiRMSi^ozsiRiffiB, xmmi t>©«t, & 

SlSOXYTffifcjBofcfiiB^ftlH-rs/ca&K;, BftS 
BKiSlgSnfeF IA3R*ffl^TV^«*% CCDffig^tti 

H4. 7 1 0, 0 2 6^^X48^115, 15 1, 
7 5 0*£*, *H«ffl«5. 8 5 9, 7 0 7^*t 

M^*nr^5L I Al^, ^Hittl i F^4, 6 7 7, 3 0 
1 ^S^fcEft flF£ 5 , 1 5 1, 7 5 0 

StlT^SL SA^ Sfcttayg^tf-^H^fflV^C 
CCT, SJM^tt^ffl^TS^fitOXY 

^ffiOteB^tH-rstttcti, S^SoiSStcfflg^F 

^ d Mtt p. nTv^gfttngT^tf-*-' eosijg if- a 

^©Z^[R](DffiB, X|fijf*30fit, fc.fctfYljJiO© 
F^ffl^T^i>Jb\ CC0ffiBfilfflStbT«X^SA 
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F*fclttlB&tt&V\. W*tf, fflffFSff^xrv^* 

fmSS-trV+J-fcEV^tK *H#fFfg5, 7 2 
1, 6 0 5 mO»Wmfflff& 5 , 7 8 3, 8 3 3% v 
fUKMSSntVS.fcSfcF I A£[*!©*-h7*-# 
XttJIfcEWttJ-rscifctf-CtS. Sfc, ±3zE©<fc5 
(cIiJM z F#ft ; &fflV ^Tg^tS© X Y ¥B©{uB£&ffi-f 
5 fc tfC«, tf>J^.»f#M 2000-39305 ^£$6$ 
fcl±1fBS2 000-4906 6^&$BlcM^3ftTV* 
«t -5 C±IEK*fffi, ±IHfi&faifc X Y¥ffi£*tLT«S 

[0 0 4 4] $?>(C, ±aOH^t^IE 

riflpgp^B^-rs c tic*. k> , ffiEmmum^nxtf 

Stf, iRaM£^©$ffiiKM&H©i&»c«fc'K ^BUc 
[0 0 4 5] CCT, aftLft#HPaW»OffiiM"tl 

it, iixasa^^o^fiH-rsfeoT-feSo ^c-e, * 
Mpai5«oi4B*jBiSfflosis^Kaa^-r*o ^©fcs 
zmctizt:*), mm^m^m^t^m^ 

So 

[0 0 4 6] *?gB£©^ffMI£, SltilKiO^T 
TZ$4£\ ^lAiflEfe^TH 1 ©ISffiKTO&^lR) 

M«!i^ott««^uTv^s!b\ f i ajr^wamss 

©*- h 7 * - A X&fcffl ^ fcftgtfc tBBf J; tf&Uit 

sns„ 

[0 0 4 7] H 1 ©BJteSWi, Bftft OPEft) 

&-fS;fci&©)figil £LT, fcfc*lf 2 4 8 nm (K r 
F) Ztdt 1 9 3 nm (A r F) ©fcg©ft£#$StS 
x+i'Vb-^'-ftjiSrffitxT^So yfijUfrSfttttt* 

So T»ttfi«»3a:, SJ5SltffiT?2&Svx*M± (0- 
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XfcftSPwIBg 59-226317 ^SfclH^SnTV^ 

So 

[0 0 4 8] =F#tttt«aB3fr&©)fcJl!tt, 3117^ 

jfM-rSo cne©^©^* - ^©^*, s*i57- 

7^byX6^SMWti:^-rSo :cf, 

MTOT* £ - V <D%£.Z1SM? s t 
10 S„ C?LT, S2 75-r7-fl/yX7©tt«ll*jjiBBfc 
», ^IS(0)tM^?.%S-^7 I 6S^ffJ)5)c^nSo c©- 

wtm^om^t, zv>i&mz.wm-zntcffluifcK) 8 

[0 0 4 9] V^^MO^*-y*2jfiLfeJttJKtt, fi 

20 nrv^So &&\ vx^xf-^MStt, iswis 

0^) A^C^El'Jt, vx^Xr-S^Jt?^ OF 
0^0 ^.fcoTiglij^nSo cot?, vxWf-^ 

i>Msc»»*&ftfc»iMi cwa*) fcteiUtHsnsn 

■So 

[0 0 5 0] -JET, 7x^W«, 7x^Xx-> ? WS± 
07xM^;l/^'WH(C^9 Lj t"y^cf : tT.Tl/^So ")xm 
Xf">"WS(i, OF0^) ^©JIMHcStJ 

30 S„ C<Dtt, 7x^X'T-v 1 'WS©$fjtt, ^iAf 
i^ttWI F 1 7 iAXf->'W Steffi:^ ZtlfcteWimi 
MfcCcfcOH-ilSttSo CUT, -)iAXf-^WS 

6J:tfYia!)Of;I/HIB**L, 7x^^|tWI 
F 1 7 x AXf->'IW 1 1 J: D 7 * - ^T-fiSSiJ 

sp^nso 

[0051] tfe. Hi ©R^ga, W^%^%<r>% 
m A X (cSit*¥B-r % fc> ^ X Y ¥EK&-3 fc 7 x 
40 0fflB**ffi-r*fc»0»lffi»dW3Ri:tT, ^77 

^->X77it©F I A (Field Image Alignment) &£{h 

#t|&-rSfc46©) , 6)®tLT, fcfcxif^n^>7>7 
(^0/^) %<ixT^S„ ^^^©M^tt, UP- 

So 7-f h^-T F 2 l ©rtSP*ejf Lfc)t«, ^yfv 
•9— PVX2 2fe<fctfUP- UVX*2 3^/TLT, 
77UXA2 4(cA»-rSo 
[0 0 5 2] n-77VXLZ A-VE&tiWtMMft 
so B, SljfflUVX2 5#J;tfK*f7'lJXA2 6«r/rb 
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T^xMW±K^jS£ttfc&77'f*;'hV-? (tct 
fctfX#|fO©^>7y FX'*— X^-VfeJctfY^ 

(6]co7^y7>Fx^-x/^-» ztsMnmr*. 

7UXA2 6*J«fctfg|lfcfftl'>'X2 5&:frLT, ^~ 
77 ,, J XA 2 4 fcAlff 3„ ^-771) XA 2 4 £2111 
Lfcfttt, ^2W^b>X2 7£/l-LT, a-7^'JX 
A2 8fcAlttS„ /v-77'l)XA2 8£3>®L;fc)fc« 
X7jfS]CCD2 9tjiL, /v-77U XA 2 8 TSWS 

nfcjta ytjiric cd3 oti-rsc 10 

[0 0 5 3] £CT\ X73[rIC C D 2 90jf<fffi(CttX 

yjfar^j *>b-?~-><Dm±mtfBf$.ztL, y^c 

C D 3 0OaMlffiKfiY^iI«l75-l'^>'bV—? Offi* 
ttfMJnS. X7j[h]C CD2 9fe<ty'Y 

^ccd3 o^5nfea»ffl^*H««ra-r«c k 

K «fc -d T, &7 7^ * V F V- £ © X Y ^ffifCift tcm 

$gfcg-oVT, 7x^WcDXY¥®fc?ao/c:77'l'^y 
FSrfrSCktfT^So F I A^cdPSBCO^T 20 

ti, ft k *{£#&!![¥ 4 - 6 5 6 0 3% v i^1ff i |¥4 - 
2 7 3 2 4 6^ffiftHtM^SnTI/^3o 

C0054] sejc, 01 ©m^ssa, gjgtt^is© 
jtttAxo^iRi'rsfc-sz^iRiKjeofe^xMwoffiii 

*«ffi*3fca©^2fflB*tfi3&kLT, l*t*Sf4A 
W^SO-^7C*-h7*-*X?S (AFS) £tfifx.T 
fS„ <KD^A*f^O-^7cAF^(±, ^ffiftkLT 
jSfi(iOJSvef&)t*«l&-rSfc«)03tJgi: LT, fck 

<mmt\^)v~im-% vmm £/i-lt, 30 

■< F 3 lKAff-rSo 7^ F#-TF3 l©rtgfl*£*L 

fcffiJISnft*, {HrJ7'JXA3 3£A*ffSo AlRl? 
UXA3 3tt, 3>f^l/>X3 2^5>©(S(JTO 
JBSfffMfc:J:5fflliaiS-&*. Sfc, <1(r17'JX 

i3 3otffflicii, x^tcsstfsfflgvaaapkx 

7? Ir] \cWS^m^Wt% k tf -y ^T-ScSfcK 

[0 0 5 5] <B|rI7''JXA3 3©2aS»?^^-V* 
JSjiLfcftfi, SBflSgRP LOJttWAXK¥ff43W* 40 
fcftoTEBSttfcfiWfflitffcUyXa 4 icA»-T5o 
Mffl*)tl/>X3 4^LftMli> 57-3 5&J: 

MWfcgTSo £ ? LTx ^lAWlCti, r^jcX'J 
•y YW&W — Vt. LTOte?^*-:'©— 
^{^cMoTiFJiKflM^ftSc ^x^WTStt^nf;: 
Jtttt, SftJBaWfcUVXS 7fcAtfSl&5 5-3 8«r^ 
LT, gftffl*ftU>X3 9KAIff5 0 gftfflifcftb 
>X3 9£fl"Lfcfttt, ±l©fI|B]7'JXA3 3 klU 
0«)SE**fr*73i-'JffiIE7'UXA4 OCAftfTSo so 
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[0 0 5 6] £1?LT, 7^UffiiE7UXA4 0OAK 
ffitctt, te?^*-V©-^tfflMSttS= ftfc, 7 
*'J*fIE7UXA4 0©A#ffifctt, ilft^KkLT© 

-^tc^x y y h Rw- 6 tin vs. 7* u we? u 

XA4 OOifmffiA^ltffi^tl/cT'fitt, -MObVXT* 
#ffiJtSftS U U-3fc39R 4 1 fcASfr So U 
4 1 fcttbfcfttt, 7^UMIE7 , ;XA4 0©Attffi± 
fcflM2ftfc*fr?><*-:<'©r&«k3Jfcxy -y F©HB 

gftffifctt, SftXU >y F©*»©MPa&K:^«K:*f 

> • 7* b • Wt-FAH^tiTV>5. 
[0 0 5 7] 4*, tS?^^->A^fiSc^n/c<MlRl7U 
XA3 3 0ifffiffik7x^WOS7 I cffi, fe.fctfr^jnS 
ftX U -y F OM?n/c7^ U « jE7"U XA 4 0 ©Alt 

«¥JKP L©3^AXfc»^TZ£lfcfc±T»lW-S 
k, 7^UffiiE7UXA4 OOAWilcM^nsi 
?^^-ycD-^a, 7xMW<D±T^I6K*fjSLT 

/ ^ - v © tr -y [fi] fc«-r n^e C -r = 

[0 0 5 8] z. o LT, 3WtS««OKlK:±»). ft? 

by t-^^yj^icLrz^-zmm^p lo^wa 

X (Cfc'o fc7 x^W©Sffi«*— ^TcWfCtftfti"*" So ; e 
OfSm, ^x^X-r-v'WS^Z/jlRltc^ii^-^fcf), 
xWH0fe<trJYWMID(i:^;l/F$-(iSckCi; f 3. J8 
P L CD7 * -A X7?(o]^ 7 xAWOffifil^r 

flastojsaosfiBKovTtt, mff^FBsras 6-42 

2 0 5#4«ifcBlwSnT^*. Sfe, Z^57E*jfi*- 
F7*-*X73^©Mtccv^Ttt, Ixlf#l¥6- 
9 7 0 4 5^4>fHK:RI^SnTV>S. 
[0 0 5 9] ±»bfcJ;5 HI ©S^SfiTii, v 
XyMfeitf-)iAW*K^P LtC^LTSfWfi 

7 x^W k ^rffiWaicfitH-a-t)^ LTSta®7t^^ 5 ii 
•To LOtl ^lAWOxSWeii, ±3ZE©F I A^ 
fe^tfr^TcAF^fcJct), 7xMWOffiB«Ui^iftffl 
fiiCfTfctlSo *UT, -JxAfMWI Ffe«fetf7x 
AXf-: >?S!lWSBrC«J; 5, 7xMW©fuSSiffl^SmS 
K:fft>ns= c 5 LT, 7xMW^\Ofifeil7 , 6 ; S-^Djg 
•rcktcJ;D, 7x^WOS-il) I e^ca^©/^-> 

[0 0 6 0] **6SJg^OS7tSg«, S»3fc^»P L 
©!SffiiRM^)»J^-rs/c46cD^SgB^fix.TV^ <) 0 

2 a, hi os^BosasBffi^ai&wc^tHTfe 
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■tm-Z3b%o H 1 *5<fctf0 2£#!lLT, 

ffilRHOiJ^t^LT, VX?Xf~: ^MS±tClRMS!l 

g|5l 0 a*^X#|frfe<fctfY#ft£}B^T»aHH 
&9{i) vh'J 7?Xlit(:M3nT^5 0 £fc PIP 
35 1 0 aiD A£&IE7J7gtt©Pjl!P3|3 1 0 b 

[oo6i] sfc, *mm&mcD&&mw<<z, ?x^x 

x-->"ws±{cfc^T'i7x^w©R7 , effii;ia!?|HiU«? 
lug (Z^lRlffiB) KE9ftfW-5ft;fc«jKfil 
TvSo H^fei Hi, 7ct*«"7j^x»£fre>&<3, 
a»)tt¥^PLOJtttAXK:aEft, tH^TfiftaWS 
l|!aSaiJ0RO)ttHAX 1 caBS**¥ffi l l a4ft 
5o cOl^fll 1 a±£fi, 0 4C5jVrJ:3K, 

otf*aptcttiEfflMPW otaaas) 1 1 b*^«« 
hv-^i i c«sntv^„ 

[0 0 6 2] CCT, ttJEJBMPSPl lbtt, SK^S* 
£P L*^LT}gmsn«TXhvXi'TM«DMPgP 1 

=y-< yyy Kx^-x^#-y£ YSiRifcj&oTJgfig^ 

nfc7^y7> FX^-X^#-yfcfr£«$5tt-£V 
3 0 ftlEfflMPffi 1 1 bfeJ;tfjia©77^^ 

i i c *fi§K««fctt, Hi 1 dtfffM 

stilus, sttai i da, fttx«*7xsiic^ 

PA (Cr) £3S«lT5Cte£9rB)£2nTV^o 
[0 0 6 3] 2 *^S&J£8g©t£4gEti, Si?7t 

PSPl 0 a©«fr£>©ftj!>V nU^-hbyXl 2*5<fc 
U'UU-l/VXl 3^LT, ?-T^P77Wl 4 
KAIfrSo ^^077^7^ 1 4fct, gSt^-fJ; 

^WrS^ISO?S'hUyXl 4 a 3d 
3 0 -?Y^n77^i 4(i, fti:x.lf¥?T¥IA7 
x«fcx-y f-y ^'jaa^Sfi LTm'hbyxmffM-rs 

[0 0 6 4] Lfctf^T, V-f^a77-f7^ 1 4 £A 

»fJ2tU &«/.hUVXl 4 a©&ffl!j£U£E©j£c&fc:te 

^-n^n i oor^pgp 1 o a ©fifcw&j&snso sm-r 

Sfc, ^^D77^7f' 1 4 ©fMM£j&ffi©5fflgK 

znr&mmt, zj^ainaifftLToccD 1 5 

(CioT&tti^tlS,, CCD1 5©tH7Jii, l^illa 
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7^ 1 4 «, SJgft^P L^OftffiK/MSnfcxX 
FVX*TM©PPgBl 0 a©-#&fr?>©ft£i£E7j- 
fJLTUHPSP 1 0 a<Dr&»*&B6&mtZtcib<0WM 
*»J#?«lll*LTV^. 
[0 0 6 5] C CD 1 5 tt, iSffi7>fJ^i;LT 

©?-1 , ^n77Wl 4K«fci3JB^n^PSPl 0 

fiiiLTVSo 5?)^, nU^-M^VXl 2, UI/-1/ 
10 >Xl 3, V^^D77^7-1' 1 4*5«fcr_fCCD 1 5 
tt, 0 1 tcjjrf vx^Xt-^MS©^^ 

tfp-n, &^t¥&p LoissiR^^ite-rsfcfe©^ 

¥^tLT©lR«SiJS^**^LTV>So *©1S», « 
jjMgl Hi, UXMIJ5t£ (12-15) fc-ftWlcl&O 

[0 0 6 6] gftSgTii, (1~9) 

^5«»e*nsBaw3i6©iJ8pa (na) 

oT> M£ (1-9) ^mv^T-rXbvX^TM©^ 
20 pg(5 1 0 aMLTfe, P^PSP 1 0 a^LfcJt*^ 

tc-e, S^7t¥^PL©1% 
ftiJP*flP&N A plX±©P*flP&N A i T'P^PgP 10a* 
^ G-fynb-l/VbSUB) 1" Sfcfef;:, Eltit 
(1-9) hfXfvX^TMtOW 

[0 0 6 7] I6tt, l^Eyx+ySKTfrJttJftWAW 

ao ^yx*y«^^ML^^i:#(c^xhvxi"\A*t-r 
stt*©!P8N A ^©Jia^ X/^y^ymtWiM 
L fc i: * (c r X h v X * ^ AWf 5 )tS©B8W N A © 

■rst, sg^is (i~9) *^©^©Mpa*t£A-r 
5fe»C^>X+>«l 6^sa-rsi:, w^)tm© 

bsh^ (i~9) ©Bawyas^K, tztx\f-4K 

3tW3WBi«Sn*BlPl(ED 8©iS»lcifBieftfc:EllS 
nTBf^©^*^©^*^^ 5 f=46©Sft7 
40 1 7£f!*Tt''&o 

[0 0 6 8] CCT% H 6 fc^-T J: 3 *IEjS^}B«© 
icSL^tt^-rs^VX+ylSl 6(c^tLT, 

l 7 tc^-^-rsc: ttcfc 0, Utyx+yfl 6tcJ;D 

•r •act tit), 09(c^-r<toic, b^>x+ysi 

50 ifi7^Wl 7©KStii 
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ilg7^;l/£ 1 7 (i^fCfSUTH^P^'J 8 a) 
(4, (1~9) fr&C^OMPSfcifcfc'rSfc 

*yffii 6 Si, bsh^ (i~9) tfXhvx^TMi: 

1 7 (^tfSL^Tlft^KlP^U 8 a) l^E^T.* 
[0 0 7 0] -IRK:, U*V**V«<0»SL*J1iti:, U 

nn»oa;*«nfc3ttJKoMWN a mm&w&zmz 
s-esiJt9— k-ts * 3 doe 

tlTV^*. Lfc^oT, JS»Jt*aWi:LTDOE*« 

*e^ti«M^o^p»tt^:t<*5iai6]fcfe5 <) ll 

mmyt¥& p l owtfonnft £ o t>+»t*tr < 
?nri^«^ (tw^tf tea, r»ip 

[0071] xmrnmna. uiLftj;^, f9»3t 

LO^ffil^PSN A ptLh<D$JP&N A i T'BS 

pgpi oa»n 5 iioi^, 0i ofc^-ria 
xi 4 a«fcH^K:aits:^aoie«i)t¥is*^«E-r5 

yX \ 4 aO^t^fctBS-raSMiRMO-gP^©^ 

mmtzctKKZo cott, qmmi&kte, mi i 

£5jVf S^fil 1 <0«aEffll8PSP 1 1 b©W 

tMPSPl 0 a Oft 1 0 i hWtf&nz>X.o\z.Wsfc£ti 

*„ ts*^ ^lEHP^pgB i i bti, ei^Tt^PL 

^LTffM^ti^PJPgP 1 0 afl» 1 0 i J: K> fc^H 
[0 0 7 2] |gff^e.#^LT, SffilRMfc^/b h(£ 
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jpn^-racfcK^s. cot a 

10 

[0 0 7 3] Uttttfctt, S»ft33SP LfcSffiiRM** 
SSLTI/^JV^ PjffPgPl 0 a O&fSuDftMB'kffi 

S-flR/bUVXl 4 acDfttkktfSjSSftSo ^ISttt, 

1 0 aO^ftcD^aa^uBtiltefflO^JiStig^?. 
fig-fn-rac Lfti'ot, **«^T*a, CCD1 

[0 0 7 4] fcJSU *3«»»«Tttx CCD15tfc 
T'$af;46, MP$1 0 a*Bf*OJ:3f!:S'ht!y*- 

SCfctf&V. Sfc, ^OgP 1 0 afrSCCD 1 5£? 

30 ©jerk ft it a aa*ttiKn«S5£3S£iiij*-r a jreaw 

aH»*?T*«CCD 1 5(C*tUT, 

* S 4RaS*Jf #T 5 c t ^ Rjtg 4 a o 
[0 0 7 5] *mMBM<D®&%im*:m^Tt9LB 

Zo ^mmmm-v^ ±abfc«t5t, irmsj^is (i 

2-15) K-ftWKflKDtttfettfcS^ISl 1*^ 
40 ?,nTl/^ 0 gill lOlWIl 1 a±C 

4ffia^T'iai^nrcSitffi i i d^fi8**iTv>s. 

V^T, 77^^>bv-^l 1 cCS•^*V^T, XY^Fffi 
tiftoft^l lOfSB*, O^TIiXYWtffio 

[0 0 7 6] Sfc, S^«StJ§«^tXf:Wa©^A*f 

so P>)tm*A*t$-i:S»ffi l l dTSW^n/S^mtfi^ 
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VT> Z^ftCjftofclUj^Sl 10ffi{ilB£\ D^T« 
KJSIg^nfeMaOx/NT^H-W I Ffc<};tf7x^X 

[0 0 7 7] «*)fe*gRT**Ja»3t*3RP Lt»LT 
UXMi!l/£&tfX;£|6K Y7?|S]> ZTjfr&HtfuB-ftlL 
TVS 4:, f;H-^f7*- #X*£;#© <fc 9&{g# 10 

SJ/g-f 3 fti&fc, iRMliJ^OfiB^ft^igWKMite 
XhD-^ftfcjg^&iy&gtf&So ^ffiiRM 

Jt*» PLC7 * - A XffiO*g*fffiBft$J^7V Xh- 
[0 0 7 8] MfTOica, OiaXt- >>'WS^IEi]L 

D^Ttir^jcA FftottttiftlFimfr^fiS'&s. 
•Mfc3tLT«B%Rl lOPfll 1 a*fflH^to* 

-rs 0 -r%t>^> m^Ri lopw i aoz^iq] 
ff-a-rsi^KTvi'^yhWfiE'rs. 7x^ 

Xr-^WSSrXY^ffifciGoTfgi/jLT, iRSSBSfc so 
*F I A£©8ffi11!?ffi«PV\»l&S-e*. ^LT, F 
I A?£3E:fflV , 'T> Hf^*l 11077^>b?-^l 
1 cfcffig&ffifSCfclcfctu iKMf»J££©7 I G$l!lAX 

[0079] aE3Ki 1 1077-1'^ yh-?~? 

1 1 c fclRSSlSS&OttttAX 1 £:©IH©fMBB«tt« 
1 1 ctfittfcSS<i53©T\ EGA (xy/N>Xh 

BP 1 0 aOfftf&fgft^P L*^LT»*«n*fiMi 
[0 0 8 0] -Tftb*, iRMSI^RjWBfflWKiEaKffi 

figsnfc^ i sgor^pgp i o a ©ft ©^cw&fciKSii 

fcfrB. HI 1 t^-TJtaC P^Pgfll 0 aOffl 0 i so 
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©fp'L^ taints 1 1 o^iEfflfffipapi i bo^t 
^xY^ffirttcfevT-a-rso MisiiEitfe 1 

T, CCD 1 5©ffl7JfcS^T&i£ft^P L©)gffi 

-figfr 0r7 , *J:lf#jSiPSf&*# (7 

Xfig^-) £5fcJ6, ^;VbM#fre>xVX h-->a >©*g 

^7-«»ft»57*-*xffi («ffi) (Drnna 

tfT'f S„ 

[0 0 8 1] ^hfiJc^fe^tf^y-fig^T't 
Sfftt'hS iRMSUSSfclSfiS-iirS. c 

©t $OlRMIiJ^OX73(Rl©?SMA x fc^tfYTjft 
(DWWlm A y Cg-3VTfV X h - *S 3 V ©*g#|S£, 
UXM$iJ3£S©Z#|nJ©m»SA ztI-j^T7t-*X 

T , f-fr h riWMa J: tf / W T* * S JSH/bS < i§ 
^A/JEWHT, CCD 1 5 0ffl*fcS-5V^TJ5Meje* 

&p Lo»[BiRii*««FWii:iaasK:iB!is-ra 0 

[0 0 8 2] ±32EOiSBiR^OiJ^t!)m±, fX hvx 

liMxfrnso c<d£?k, mm&i i»tfxt- 

VX7 TM©|? 1 #gOHP»fc«^*l|Sa*W«*Offl 

fcfHi^c, zi^tcA F^TS^i l <0iS*ffiB*«K: 
fflH^b^rt- 7x/v : Fi$ff-W I F©tfJ7Jlf$8 
tSd!v^T7xMXT-v , W SOX Y^Btitto/'diB 

So 

[0 0 8 3] ±a©J;5C, *HSSJg!8Tftt, UX^iJ^ 

l ©sffiiRMoigij^a, sp^^^ p l ©sjmw&m^ 

T'fe§rVSi'X(7DS3g^-^W{c±i6Tf : f<bn?.OT% 

So 

[0 0 8 4] tC5T% B3tt«llK:»«SnfcS»Jt^ 
^P LOififfiiRlg^iEStfcill^'rSKti, iRMSte^S 
<*?f&£f SfcffiiRiSft HO J: 5 fcffla-TS 

*^Mffii:a«. **SSJg«oiRMSte^{ctt, n«J^ 
-M^>Xl 2, Ulx-lx>Xl 3, v-r^D7^-f7 

^h, c c d 1 5, 59- m %.z<D%¥n 



(13) 



ft ffl 2002-71514 



23 

■e&zmm^m p l (omm^^mictt Lv&mi 

£lS©»&Mfg£fi£+#M^<^S#& 353 

[oo8 5] *^ssEii©<fc mmmikftmmi 
micmmsnz&myt^ik p l shb%¥* pl « 

-tt£fa±2-£fc<9, ffiffig*iffJ£^S¥)$it©*e*f{i 
[0 0 8 6] Ti$lt©fflif5:[R]±*-&5fcfeic(i, ^ 

U"Wp ©»ft©fii±* cfc tf^M©fflgtf&M i: ft « = 
ffi«a*iRi±s-a-4fc»owf«aia(*fctMK:jijL^fii 

©£-?^J¥LT^<^ iRM«!j£?Sl§Jft©SSiKMf2 
P LfcJtLT+£lc/Jv& 

ft*r©f&?S£ffiIE-f 5©tfS3; Ll'ilitffc*^. 
[0 0 8 7] 6TF, 0 1 2£#!ILT> **»JBJ8Kfe 

LT, -rXhVX^TMOIEM^O^PgPl 0 b (12 

{ciRMIJ^*fiiSj*a6-rSo £©tf*&T\ (1 
~9) fr&©BWI!»ff, SH&fc¥3RPLSfl"LT, 

tsi i copies Pjfipgp i i bfcjpurrscitKftSo c 40 

(BBPgUl 0 b ©ft) te, felEfflP^Pggl 1 

[0 0 8 8] $IEfl!F*lP3($ 1 1 bfrZtDK 

-1'^D77-1'7'I'H^LT> C C D 1 5 ©gftffii: 

It, #uEfflP?flPg|3 1 1 b<D&mt>\ v^^n77^7^ 
1 4 0«fR/M/yXl 4 a©7tffl±(cM^tMA/CffM 
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^^n77^7^ 1 4<DWimm%. CCD 15© 

[0089] cct\ s&Lit4Mntmniatfti 

It, iRM$]£2&K©*jgB^Sfc©T*feo-t\ 

IfcP L©&ffiiRMftif©^fF£§ttTVftV\, ft-tfft 

5>n 01 2oga*-vuyu—>3y«ffi{ctev>T, s 

IJTt^ P L a, fciRMil^ fc ©P^©7tg§*K 

fftl^&T-a^o fCT, *^ffiff^Ttt, gB++ 
U fU-i/a >Tl#£ftft&P^P»©ftg£)ffJ£ffl© 

SoVT)£ffii&;£©«££:lT? c tfc J; iRSfflU^^ 
gft^f£*-rs?6ffiiRMftH©^MA^^mP L© 
fflJ^SKHMWC^-railfcft^ ffiK©SE^Stffi 
iRJSIISttTdcfctfT**. ft&\ *Hfl0B«Ttt, 

n^n^tsi i±t»j«snTv^*oT, ga+^uy 
-rasffifcjt^-c, p^pgpofltg-rnfceHt^^Mtt 

fg£LftV\, 

[0 0 9 0] Sft, %tt3^KOttSiRilOiM£K:|RL 

^tc*3tt5S«t@a^^u7b-: 'szymasiizm 
E©«{ceH-rs^M^W5»nSo cne>©s^ 

#^TM,>51f-<x;V©5lKM3;T*©lKM) T'&S* 
[0 0 9 l] lCT, ^©SBKcEH-r?,^ *><*: 

B++ U >a >^f(CR(T^©MEfe itfBfSOSS 
B*^ U^Lz-i/a >^ttettS%^g«fcS-iSV'' 

[0092] -s, 'um<DmmicMmt%m£icfflLT 
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mhmts j: a* g a* + u ^ b— > 3 v^ftc it sig^i* 

[0 0 9 3] &*5, 0 1 20§a*t l jyi/->3 
«g^fcV>T, ^lEfflUflngP 1 1 b£)PfW>3k-b 

mwznrcm am*) a s ©Rj£raqap©&*&g#±K: 

TM©P^Pg|3 1 Ob*J2fB)!£¥3&PL©tt«lAX©jfi# 

gMSl 1 fcWHIOfcK^KiU^VX^Vlfil 8©J;3& 

[0 0 9 4] LfrL%^e>, fiteB+t 1 ;/!/-^ 

SiSMO^ffiEL/cl^tttt, ^MStf<6#iRg© 

L fc SifcT&Bli&V 1 ',, -f > nl; - 1/> F {$91© 
^r£iK/c2&^tf£\ ^^7077^7^1 4©JIJ2 20 
^©ffi/J^yXfcfifttfAWb&^tf, (f&SBOflS'hU 

©*^U7W-^3yTHiMu£ffi§K*7^ h^rilD 

V\, 30 

[0 0 9 5] C 5 LT, ±jS©lliHefl8»c*^4»3ttS 

~9) ©K^*8iis-r* (mm\fex&) „ MJ^^n/i 
fttttfccD 1 5imffi.-znrzmmm=L- 
7M9 cia 2 ts&xsm i o#{i) ©^fjgptiati* 

ns. *LT, iRMill£^«fflV^T»ttJt^i:LT© 
&^ft^?6P L©i&®iRM£SiJ/£L OKMS'J^Xg) , 

T, S«)K^PL©ifiiiiRS«!lSffl*ffiiE-r* (MjE 
IS) o CUT, MIESnfca»3t^PL©SiBiR 40 

mcm-j^z, mm^PLzmmtz (inex 

fi) o fi»*&¥£P LOWIEKISLT, fti:i«U>X 

iEffl ©)fc¥ffi*J A L fc 0 T S = 
[0 0 9 6] Iffiti^TTX^^ML 

te^ffl©^^-y^^ss^tc^B7 , fi-rs (STti 

ttfT'Z&o «T, H 1 C^T*^BSff5SI©S7 1 e^B?: so 
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fflV>T^ftttgffi£LT©?x/^£m£©IIIB&^*- 

¥*ttx^X%t#S^©^i£©-#!itCC>$ig 1 3©7 
n — ?- -v - F £SJS L TIKHJ3f s □ 
[0 0 9 7] m 1 30Xf77"3 0 1 {CfeV>T> 

1 n-y F©^xM±K&JgK;^i£i*SftSo »XT7 
73 0 2(c43U>T, f01n 7 h©^xM±©#Jg^± 
(C7* Fl^XFtf^fiStlSo *■©?£> Xf7 7"3 0 
3(C*5^T, 0 1 K^f BT&gSSrffl^T, VX^lO 

> < * - > ©ft oy8&%&& (fiJgJtt^ ->* a. -;!/) 

Jl^BftiE^tiSo ^©f£> Xf-y7"3 0 4Kfe^ 
t, Winy h©7x/>>±©7* hbv^T, F©S<itf 
'I7t>hfc'&, Xf'yys 0 5{C*3VT, ^© 1 n>y h© 
■)i^iTl/->"X F;^->^YX^ t ITi'vf V? 

*?xoz.£fc&-3T, vx^±©^^-yt»fS-rsiii 

ff^ciifcioT, ¥«ft^?^©xVW7tfS^2n 
s= JJS©^#7^Vx»ig#i£fc:J:n»f, d&TfK 

h&<#S<:i:tfT'tSo 

[0 0 9 8] 01 K^-TBftggTW:, TV- F 

(#5**K) ±KBf3£©^*-y (0B/<*-V, « 

0 1 4©7n— f--v— F^BBLT, c©i:t©^r£© 

-ijyfcotiKwrso mi 4cm, ^^-yjg^i 

^4 0 im #H«0g»©JI)t«lt*fliV^TVX^© 

18, ^^^Jifxg^^&xs^Siifctcfco 

T, Sfi±Kffi5£©><*-:'iWBj£StU -A©*7-7 
^W-MIg4 0 2^7-TSo 
[0 0 9 9]*, A-7-7i-;l/^-JBfigXg4 0 21- 
tt, R (Red) , G (Green) , B (Blue) tC*ff5Lfc3 

o© f v b ©ewv f v v ^^mc^mm^nrz k> . 

SfcttR, G, B©3*©X r-^-r7 P ©7-<;V^-©ffl 
^«a?}<¥^ S^7J Ir] t EyiJ L fc * v - 7 -f ;V * - 
fiiCTSo ?LT, *7-7^W-MIg4 0 2fl^ 
-b;l/ffl*jzTXa 4 0 3*^!fr£ftSo -b;Wfi*it 
TII4 0 3T*ti, /^-VJgfigX84 0 1 (CT?#P>n 
fcBrSg/^-vfcfrraWE, *3J;D**7-7^;V^- 
Jgfi)cX84 o 2lcT#f.nfe*7-7-r;l'?-f 

XS4 0 3m Wl^ff, ^^->^fi?X84 0 1 fCT 

m ib n rc m ^ ^ - y ^ t s t * => - 7 ^ ;v 3? - 
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J&SIS4 0 2tTl#P>nfc*7-7f >l$-b<Df&k. 
«cft%aAbT, ?&H^*;l/ (?£J|-fe;l/) ^iJjg-TSo 
[0 10 0] *-©&, tv f a-;I/i*uTIl4 0 4£ 

T, i*5T5nft»^wl/ ($Jl-t:;l/) <nwm\f 

So 

[0101] ftfe, ±^©JISS^tCfcVT> 1 9 3 n 
m©)Sm07 , 6^m*&-r5A r Fi*->VU- tf-ftiS^ 
1 5 7 nmOjgSO^^-r^Fz U— tf—ftMft H 

«fr?> mmMM £ T-oM^ <fc rJiRMSO^* ©m 
[0 10 2] ±S©*S80BJJrt?«, i+->Vl/- 

cnicpis^nsci:ft<, 01 5c^-r«fc?f^ fct 

jiffl-rsc^tT^So 01 5ic^t$s^m 
icfrfrzmytmmicis^T, ret ah i «©«*#& 

Tiiewfssftfli P3s«s**-r 5 2 on 1 

[0103] ffiHm5 2<D%zM&tiwicmf£iznfcft. 
a, agas?7-r;i/^- 0^0^) «ffi»*j 

«\ 01©^SSmt|B|«T*^5o ft&\ jSftSB?7-f 
7=i:x.{f iBtDft (3 6 5 nm) tzlftm 
ftftt LTjIJR£ftS„ SSWi, fefc^tlfgjg (4 3 
6 nm) (D^tt hffi. (4 0 5 nm) ti ^CD^t i: ^r|aJB# 

[0 10 4] ^Btc, ±iE©*6&J$BT*«\ STtSSt 
ffl*jASn/c^^B(i:*^^jifflLTV>S*\ 01 

t5. 0 1 6 fc^gJB0JlcM>>3fcggS 



-rs#fflX7"—7S S fc*#ATV>«*^ F I AIS&J: 
tf$A#£&S©AF^£«;LT</->ftv\ ) Ln5077-f 

©i&a^tffli-rafcfeosiTafff i f i t, xtjiri© 

^ll*^W-ilJ-rS^46©-^©®2 = F)$ttI F 2*3*0" 
^ST^W-I F 3fc£f!;lTV5„ 01 6lC7ji?m8M 

ns„ 

10 [0 10 5] fcCST, 01 6 K^-r^fJ»C!!pfr«« 

0i©iiftSg©fi^^c#M£^ir 
5K*ffl^t^5tf, 01 7in7fi?£?icmm<Dm 

tt*. c©*§£> 01 7 t^-r^MK^^sttas 

HT-a, ftig GF0^) frbnyth^JYIU F 6 IK 

T, rXhvx^TM©r,gpgp*fi8WrSo ftfcs 7^ 
htf-T K6 1 ©WUi4Sfc < J:tJ : 3yr>-9--b>X6 2 

20 [0 10 6] llT*, mW=L--y h (6 1-6 3) ti, 

^frs#}fe¥jRp LJfffioaa&wt* 

7h (6 1-6 3) ^r7,bvx^TM±KffM-rSBg 
M**0*tS*^-eftV^»&Ktt, £Jff*6 3£X 
Y 3 Fffifc»r3TZ^7£Wfc»ft«-l*, rX 1-^X7 TM 

fcfcHHBttam s L ©«KM*»!J56f 3 c fcfcft*. 
[0 10 7] Sfc, ±&<D£«0BffliTW\ BJ^HCSH 
so »fflv^ i: fc feta^Tt^ P L %Mffl U 

%b LT$^2#TiKMS!J^©gB*-\' U TV-fa 
>*ffoT^S*\ 01 SKiti^lc, 01 7{c^"T 

01 8 icm-t^mmr-it, km (p^mm) t^nn 

-1^X6 2*1>LT, If ^151 1 ©^lEffllflPSP 1 1 
b^M-TSo c©fct, ^a-<>h (6 1, 6 2) 

40 1 ^M-rS^^K^^tlT^So l5LT, _h)zE© 
UX^SiJ^©^M^lte-rSii tifi 

[0 10 8] tC5T% 01 8fC^-r^tW?tt, Wffl 
©Hg^a- h*fflV>TiRMSiJS3S©Sa*^ U 7b- 
•>3 y^fT^TV^*^ 0 1 9 ICtk? J; 5 01©H 

UT'U-i/a^fTa clttT'^So 1-ftt>^, 01 9 
K^-fgJBfljTa. 0 1 ©*»ffi©^^i:|W|i;«fi!c 

so LT, MttMI 1 ©SiEfflBflPfflS 1 1 b*IitS„ ' 
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ots, mmvL-yt^7 n±, iRS«y;©K©«rf*;«i 

MP«m±OBBP»T«3M5 1 1 fcJSUBT * <fc 5 
Snt^S, C 5 LI, ±iEO*SS®^i:lRHSt, IRS 

[0109] sat, ±a<oiai0B»T«, a^Msi 1 

O^^fc^^tifctgiEfflMPSP 1 1 bOMCCD 1 
5 ©S3ttffi±K:)gj«S«* zblz&i TiRS$J££© g 

V^TSa^ + U 7b-> a c t tt-tS. 10 

t>t>, 0 2 o \zm-?mMT*\$, ccdi scSftBi: 
us i ^ffisi^to-rso 

[0 1 10] Lfctf^T, 0 2 0E^-f^ffJM©^f£\ 
CCDI 5©£}fcffifcyfi^«fc#®fcffii:S*«l 1 CD 

s?P¥bi i a tnmiam^nmm tm 

1 4 ^/fLT, C C D 1 5 ©gftBS-ffi'-M^ 20 

*-;u©» c*^) eslt, ±a 

[0111] fcCST, 02 1 KaVf .fcSK, 0 1 OS 

ftsiifcjtLT, mz oicmi-mzmzmmzcth 

4 Ufc^BiSA^ Si^^ PL, 3U^-H/>Xl 30 
2, Ub-b>Xl 3, *3<fcl>"V^'^D7'7-l'7-r 1 4 
^/>LT, C CD 1 5©§ftBKS'.hfcrV5fc-7l/£r>«l 

fcwttc, fefc*fiaj«©s»K:ieEg-rsiixiiiii£3S© 

[0 112] 

)t^©feiftfflijr w t ipSJ-x±©p ; flpS(TM^) , fi^©tii* 

B (cffiBi*J6 ^ ft fcP^ pgP£F,P£ 88 
BB) U «8bt¥&©«ffiK^J«Sftfcl»PBB©-&« "o 
2r>5©ft£i£B#*iJLT\ fci:*.fc£CCD©J:5£ft« 

*8fflLTVSc ^©*SH, *fgHJ3T'tt, 
StfSfcfe©@/>tf;/*-;l/£fl3v>£Ci;&<, 

So 

[01 13] Sft, *58«Ttt, tttt)e¥3R0SSiRS 
*ffl£*3fca©lRM*l£3SKH*Wfc»Dtttt5ti;fc 

^t^tl^TvSo c ©soffit rctx-iir^* m 
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> h- V- * 43«fc tf ESifffi#J&S £ ft T V > 3 © ?\ 

iK^$J£^©*0$W&figl2/£fc £ tffug 

JiTfi-QjESI^iRMiJS^fT^ c k^T-tSo 
[0 1 1 4] ^f^T'Si, ±^©S^«tCt5SE 

fflOHPtfjWBrtSnT^SOT, . c©SIEffllllP» 
CtK.i*), CCD ©gftB±K£&©<i!tf 

MA,TJFM£ ft S ttf T£ S ft\ iRHiW£3S©jfiffiiRM 

niM.mitmt±is%. Litm8.vi.mfr z&wfn lt l 
s^o ?lt% ±5E©aa+-vuru—> 

sts, ^©^m, ig^b/cSii^ffl©^ji^KS-3'v^T 

i£BiRS©«iJ££fT 5 c i: <fc D , iRSIO^Sft*^ 
^•TSiSBiRM^ H©^M^S«7t¥^©9J^S{;:^ 
R«fclB#rsci:&<, ffig©«v^BiRM$K^T 

[0ffi©ftj¥£l*M] 

[01] *Jfcii8©*WJB«KfrfrS8g®«**t*.fc» 
^«©««*tt«WK:^-rHT?»*. 
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